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Docket No. No, PI 4979- A 
(YAM.046) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



% v Mi re Application of 



r Yoshitaka FU JIT A 



Serial No.: 10/050,600 



Group Art Unit: 



2616 



Fi led : January 1 8 , 2002 



Examiner: 



Shand, Roberta A. 



For; MULTIPLEXING METHOD AND APPARATUS, DEMULTIPLEXING 
METHOD AND APPARATUS, AND ACCESS NETWORK SYSTEM 

Honorable Commissioner of Patents 
Alexandria, VA 22313-4450 



I (Yoshitaka FUJITA), do hereby state that: 

1) I am the sole inventor of the above-identified application. 

2) The MULTIPLEXING METHOD AND APPARATUS, 
DEMULTIPLEXING METHOD AND APPARATUS, AND ACCESS NETWORK 
SYSTEM was known to me earlier than January 3, 2001, as shown in the enclosed 
"Dependent or Connected Invention Notification, Assignment, Argument (Extract)" 
(Exhibit 1) and English translation thereof (Exhibit 2), together with a Description of the 
Invention and Drawings (Exhibit 3), and English Translation thereof (Exhibit 4). 

3) The effective date of the "Dependent or Connected Invention Notification, 
Assignment, Argument (Extract)" (Exhibits 1 and 2) and Description of the Invention and 
Drawings (Exhibits 3 and 4) are earlier than January 3, 2001 and the dates thereof have 
been redacted. 
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4) The "Dependent or Connected Invention Notification, Assignment, 
Argument (Extract)" (Exhibit 1 ) and Description of the Invention and Drawings (Exhibit 
3) were forwarded to the Division Manager, Kou Murakami earlier than January 3, 2001 
and the Division Manager, Kou Murakami's decision on the patentability of the invention 
was entered earlier than January 3, 20(y ; and Jj^e application and the executed formal 
papers were filed in the Japan Patent Office on January 22, 2001. 

5) The contents of the enclosed "Dependent or Connected Invention 
Notification, Assignment, Argument (Extract)" (Exhibit I) and Description of the 
Invention and Drawings (Exhibit 3) have been incorporated into the specification of the 
present invention, upon which claims 1-27 are based. 

6) The above clearly evidences a completion of the invention (e.g., an actual 
reduction to practice) in the United States, a NAFTA or WTO member country before the 
filing date (e.g., January 3, 2001) of U.S. Patent Application Publication No. 

2 002/0085591 A 1 to Mesh. Therefore, the U,S. Patent Application Publication 
2002/0085591 Al to Mesh is removed as prior art under 35 U.S.C. § 102(e). 

7) In the alternative, I declare that the claimed invention was conceived prior 
to January 3, 2001 (e.g., as shown by the attached "Dependent or Connected Invention 
Notification, Assignment, Argument (Extract)" (Exhibit 1) and Description of the 
Invention and Drawings (Exhibit 3) having a date (now redacted) prior to January 3 ? 2001 
and, coupled with due diligence from a date before January 3, 2001, until the invention 
was constructively reduced to practice on January 22, 2001. That is, the application and 
the executed formal papers for Japanese Application Serial No. JP 2001-012997, from 
which the present application claims foreign priority under 35 U.S.C, § 1 19, were filed in 
the Japan Patent Office on January 22, 2001 . 
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8) The facts above in 6) clearly show a completion of the invention in a 
NAFTA or WTO member country before January 3, 2001. Alternatively, the facts in 7) 
above show a conception of the invention prior to January 3, 2001, and due diligence 
from just before January 3, 2001, until the filing date (i.e., the constructive reduction to 
practice) of the foreign priority application on January 22, 2001 . 

I hereby declare that all statements made here of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 
of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 

Further declarant sayeth not 
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August 3, 2006 
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Dependent or connected invention notification, assignment, argument (extract) 



[Fields for the inventor to fill] 



Provisional 


13261417 


Title of the Invention: Circuit Multiplexer 


number 




Reference number 


492-20169 


-V ■ 



Inventor 




* 


Company code, 
staff number 


Name: 
* 


* 


* 


Company name, 
division name 


1 




0000 
0603874 


FUJITA 
YOSHITAKA 


* 


* 


NEC corporation 

Networks research & 

development, second 

laboratory 



Notification form 


Notification by description of the invention (Embodiments, Drawings, and the 

like) 

* 

* 


Foreign 
application 


Want to apply 
* 


Country to be applied: the United States of America 


Domestic priority 
claim 


* 
* 

Not want to claim 


* 
* 

* 


Release to the 
outside and 
shipment schedule 


* 

Release by article 
* 

* 


* 

Academy name: The Institute of Electronics, Information 
and Communication Engineers, general assembly 
Scheduled date of release: 2001, March 25th 




* 


* 
* 


* 


* 
* 

* 
* 


Type of invention 


General invention 
* 



Assignment 

For the above invention, I will assign a right to be patented or registered for utility model to the 
NEC corporation, based on the employment regulations of the NEC corporation. 
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[Fields for division manager to fill in opinion] 



Belongingness of 
right 



Related projects 



Experiments that lead the inventor to the invention 
Belongs to the current or past service. 



Project name: Development of IP access device 



Important development projects other than * 



1 . Possibility to be registered 
* 60-80% 

2. Quality of idea 



3. Basic/improvement 



This technique is desired to be realized 
* * 



Sort of basic invention 
* 



4. Technical advantage 

5. Possibility to be implemented 
* * * 



6. Versatility 

* Moderate 

7. Life of technique 

* Moderate 

8. Possibility to be avoided 

9. Recognition of invasion 
Easy * 



Moderate * 

Possible to be implemented in five * 
years 



Possible 



Comprehensive 
evaluation 



Bl 



Foreign 
application 


Apply * 


* 


* 


A Country B Reason 


the United States of 1 1 . Products implementing the invention are likely to 

America * be exported. 

* * * 

* * * 

* * * 

* * * 

* * 

* * 

* * 

* * 

* * 

* * 

* * 

* * 

* * 

* 


Division 

manager's 

decision 


I evaluate that this invention has patentability. File this invention. 
* 

Division manager Staff number 05466 1 6 Name: KOU MURAKAMI 



[Fields for person in charge of selection to fill] 



Fields for 
person in 
charge of 
selection to 
enter 


* Can be * * * 
notified 

Person in charge of Staff number 0546616 Name: KOU MURAKAMI 
selection 


[*] 


* 


* 
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@ 1 liT^t^^ 7 h 7-^ ->^f A±W^LT^5. #38W©«MStt#AqA# (.mm 1M 
Mdg$&L«fc *) h-tZ v'^-MCfc^TPC (lOl: Personal Computer) d>&>©-f — * y hT<?±*m#.\Zft 
bIP (Internet Protocol) s<*r y hv*— 9 £ii.£&©PPP ( Point-to-Point Protocol) ^*<Jry Ff-^ (08, 

09-1 3, 241* lmm<D^) 0>g(#AD ^Ethernet 7 l^— A (SfcttlEEE 802.3©7U-A, P$B013#flI, 

iy.l^Ethernet/802. 3 <t B&) (C^-fr(RFC 2516#J$) , APA#£ LT©ATU-R{;i:^T;£7 A-£© ^^^©A 
DSL(Asynmetric Digital Subscriber Line) /VDSL (Very high speed Digital Subscriber Line) -4 9 7 ^ — ^ 4t 
<t^T*# 5 <fc b\CT-f-n i/^p^rdMtT^BA^-^fi'fb^SDSLAM (Digital Subscriber Line Access Multi 
plexer) $ "CjEt/DSLAMd* bEthernet/802. 37 U — A£r t>oPHYW l/y" 7 jl — ^ Srifi L-TAG (Access Gateway) S^fi 
*"Cil***tSf«i: LtV^S. Sfc#36K©*^PrTV*!ry hf- * y h (aSfflStflP 
hf-^i, 09-1 Protocol Field#fig) f£ill8£n5o PPP (RFC 1161#Ji) t fi|SIiE(Aucentication-* 

ft^itft^) , ^^(Accounting-^^icbTI/^^ra) , 1r— fcT;* •?:© 1> ©Ofl (SMS: Service Management Sy 
stem), »PA#rt (r©»^mTIHR)©#«©#J«JSTXtrQoS<Ofl|«^^*^T5 fc©-C*>5. ^WKPPP^:© 
t>©ttISP (Internet Service Provider) ©A «3 P l^EiS £*LlSPl£ J; V) ffflS Lfcl&fiE, f-lf^fi, #P 

At^iOf«©ll!)at** (QoSO#U) ^ff9fc»©'b©t-fc5„ 

015(C^$tlS ± 9(-^ATMir^^r-<— UTMa-r^DSLAMtCi "9^JDA# (ATU-R) ^©IPx — * (flT-g-Ji 
yjjfa) fiAAL5 (ATM Adaptation Layer 5) teSft/tATM-fc/Wf-f- (ATM-fe^W^yyVPI/VCIWdlPA*- ilCft/j; 
5) i*U $ bKADSL/VDSL-T >-?7*— *«riI5r. ta*-C£S J: 5 (CT-^ai/^^rd^tTDSLAMST-ilt/DSLAM 
tC^^TTC©^^;?/^©^-;/ £ tlXg-EMt £*Lfc^ATM SW (7*t2 y ^601) ICTteWDSLAM^©!^ 

$ h SJvf >9—*yY<D'<y? d?— ^^yYV—9 fc A 5 ittltu (CifflSS^ffl ©SiJ=ga&l3:g ( 

015, 7"n 5/^701) tSIi^Bha^ (PPP) Srl&iftLTl^fc,, r. ©^DSLAMKSi^-ObPA* (ATU-R) CO 

*3BW»iJ:nfffS#±«J^lRj ($K5fc : PCA^AG : Access Gateway— |p]2>>9 »C:^T*»5|rC*>3PC;5»S>0V-* 
7"y hfg-f-dPx — *)teATU-R{£:io^-CPPP— y? (08#fig) #f#&n (Encapsulation) (CEthernet/802. 3 

07 1/-^^ (MACT KU-^f^nA^rTirtvlM^S, 08#fi§©;i<k) dS#^P$HTADSL/VDSL{t-§-^^^$n 
TDSLAM^TiltftlS,, DSLAM^^oVNT^rtt^tuCO^^^s/ M»-^{37'n 5/^202 ( 02) {C^^T^MACT ( 
r ©#-^te#JPA# ©MACT K ^Source MACT K t tt Z> , MACT K U-:*fiMBf±H4lM8a> - £ ) £3fcK(-FI 
FO Queuing 202-l~N (06-2#J$) - £*l(C#fi£;ft-5o $ ;jx7i{t-§-te:PHY 1^ -V— ^IJrff 5 7*n 

y^204 (06-1) |r*J^TEthernet/802. 3{f-5§-|C^&£ tUH-5§-2101 <b UX^MJ; 0tnA$tl5„ ^LTftrogl 
t?*>5AG (Access Gateway) T'PPP^n h =;Wf*i: LT©*&a (09-2, 9-3#|) i?ft*jl5. ^{Cff-^-T 9 77 
IrJ (AG^P>4S85fe : PC— ipja^^lBj) fC*3V^TDSLAM-e{i05-l, -2^^r$tL-5 «t 5 KPHY t- MStr^f 5 y 
^206d^COfS-§-tt5fe<O^?PA#w i:(CfiJt?Sbtt/cMACT ClcD^-g-fiDestination MACTKI/^., 08#flS, 

) {C«fc r>&s*jry hr±#fi^$*V5c #fi^il$nfc#^^ y h fiFIFO 203-2. l~203-2. N (05-2) lcW% ^ 
£nH^tti£*LfcmPHYWir— ^S§r^T5^a y ^20736»5>VDSL/ADSL«-f-»c3ElftSnTttiXJ*ixS. 

^g|{*DSLAM^*3l/^T@^ST**>S^^y KOATO-fcA't LT©Sf ^fflV^f ICSIf f -> h COEthernet^^^ 
y hfS*Srfflv»5r. t T?APA#A»e>©9*— ^ 0#*^fe5V^i#a^-gi-fb^rff v\ lHl#{CAG(cfc^TMACT 
K«fco-oS-J!)QA# (rco^-g-JiATU-R) *W!8Ui-5*tcJ: «JPPP»c±oT^*feix^PA#ri©«iJ»J ^-C7bW« 

*PA#<^QoS^sE-t-S*^#S!cti-S. 



0 1 f43|c»KSr^tpT^-fe^^y h!7 — ^ ^^t 1 A^05«^Sr^LTV^S o *0^*5^T4S*(1O1: PC) «t "9 
^y^ijf— b9 — y-jjfa (ft-^-jt •? ^fSj) ICttJ^tLSIP^y h^*— ^ (014#flB,) «ATU-R (102) "CP 

PP Encapsulation (08#fiS) $tlEthernet/802. 3 1 LX<D7 A (i£$8MACT K U-^ tCOV ^Tfi04#fii<D 

it) * s f*An$ti$ blCTtc y*^P$ttT^ 9 V yy'lr—y';u±<7)M)SL/VDSL4>y-7^—X$:mVX^&g:/< 
tr y h&tim<DWi*b-tZ> (^yh^) DSLAM^|g(20l) ST'ilfiHS, DSLAM^«(201)^c:^^^^T^•< co^p 
A#(102: ATU-R) y h^-§-^APA#r*i: {C#J <9 ^feHfcMACT K U-^ (r CD«-g-JiSource MACT K 1^^ 

) ^fflv^r#a$tt^l00^Ib/s<DEthernet/802. 37 lx— i=,^^ofc{f^(2101) ,t L-CHj^^nSo AG (301)l£*3 
v^T-tttfe^y hft-i-JiPPPi UTWSlllfllAElJajCgll-rS^y h<Dfr (09-1, Protocol Field 8021/c021) 
o<^-CCPU2£ (02, yny^308#^) {CT^iS (rt^fi^0J(D^ :§:#{&) iS<t$n, ^ti»f-:? ^ LTW 
IP^Jryh (03, 3101) (i— 5.PPP Encapsulation— y y^St 9 l^^tlPOS^ 7 31—^ (Packet Over Sonet/ 
SDH, Pi7U-i.7t- ?y hfi012#M) ^iibT^y^J}?— >^y M7 — ^ — i^^ttS (i©*&t>3fe 
i_|D«IP/N°^y h£PPP Encapsulationt"5*f±j^5f^fc5^H9i6L/tAPA#*»e>OPPP«iatt±SJteS» ^— © 
^JS^IfCTPiB-f-S, Encapsulation^ V;? -7 a:—;*:/n y ? ZmcXfrfrnZ) 0 * Jt^AGIifeV^-C^PA* 

~9^h(DiE^-T <0 TJfSHC&^TPOS-r >^ 7 a — ^ J; 5IPX— 9 ©^©^>PPP Encapsulation £tltis<fr y 
hy — 9 (3102) iWy^7x-77"n-7^ (306) fCTPPP— y y*^®[ «5 Rfc^ttPPP *Q3a(P0S^©7*u h 
3 : *tfS]^g<t©raW9^f9 §*t5*^-{ry N5:Maximum Transfer Uniffr-f XOjfcfc*) *«Jfi$*t/t« % 
^100Mb/s ©Ethernet/802. 37 U- A^ifof^f -§-(2102) t LT tt)73 £;ft-5 0 DSLAM^g (201) T'fi^ ©Ethernet 
/802 .37U-A£ffofcft-§-(2102)W:MAC— y/Hf (Destination MAC Address, 08#^© * @6*]<i: 
-t"SAPA#**USUi-S*aS-C#v (Destination MAC Address) {C J; 0 ^•S^SI $ tLADSL/VDSL-f > ^ 7 a 

—^(1102) §rJi UT#APA# (102 : ATU-R) tcilfjns. ATU-R (102) -CfiffifiS UfcS««*J: U^y ^flia t 
L T ©Ethernet/802. 3SOTPP— y y**««t 0 8fed»nfc t ©IP^-Jr y h <!: LTPC (101) -<!: A73 £tb5 (0^/^$ 
n-Cl/^i 9 »CATU-R~PCWt*JV>TEthernet^ ^9 7 a — ^i«fflVNfetL54fr&ttEthernet/802. y h<f ©So 
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urce/Destination©MACT K UX&&&-fZ>i>mi%<DLMik mt£tj:%tZ r JtTfElfe LftV^) „ 

El2KAG(£ot,>T©=g«rt7P y 9 mtf^ZtlXtS K> AGOtMtMcoV-CttW-rS. DSLAM^g J: «J Ethernet/802. 3 
^iZ 1-7 ' (2102) &iibA73£H5/-^y hff-J§-(7;a— <?y httH8#fig) «PHY7' n y 9 XfrZWXg: 
^L#7n ^[ciol^TSource MACT KM (£ ftfC J: 9 ^©^PA^ATU-R £ 9 &fc/<tr y b iz£V 
/^yh^yf^a-yU (02, 3, :/ n y ^ 302) {CTEthernet/802. 3^-5ry K7 U — Jx&Mfok L-X^^C y 
s f->9^tj:^tlCPVmm2 > 3, -7ny?3Q&) fc^MiPOS-f^y^i — *(304) — £ ttj>j $;h,5. -f^^* — 
*7W^305K:f3<,NTEthernet/802. 3^y h 7 A f> ©Protocol Fieldfitt(09-l#flR) 4r#fl8i"S*IC J: 0 
IP'vjry Ft— 0021)A»Link=^ hn— /WfflSOflJ^y Kfll: 8021Xf±c02l) ^Offl^/i^tlS. 

IpX-jry h^— ^-Cfeofc^-a-SrOX^y HiPPPW^y^g^ (EI8©Flag/Address/Control/Protocol/FCS/Fla 
g©^y Ht-^WO»») #&9 8fc*>n(PPPa***i8$r*:!*) s<try hx<{ M302) tc*5S6$n 

^ntfflA'f ^?7x- *7n y (304)£iiL^y — V^y h!7 — ^(03, ff-^-3101 : \b%~7 * — 
■^yhf4Hl2) ~£tfc|;>j&*x3. i8»K>< y * 7}?— y M7 — ^ J; 15 AT: $*L<5ff 4§vfr|p] (T«9 7j[pJ) fcUa^ 
T'<y^3#— h[7 — ^d»£>©P0S<f ^(3101)^-7 *r\fl/?£jrLtL/<try hf*— *ttA*J-i y?7x-XT'p 
y^(306) (CSsl^-CAPA^^ [RjftTOPPP^Q.a©^(75Protocol Field-fit: 0021 (E|8 % E!9-1#I$) jSHtMP £*LPPP^ 
^y htXsXW'Jtry b*4 -y?m(302)\£fe&£tis*tr>y b *4 y T £;H7c@ePnY7n y ? X&Z307XMACT 
KM (r CD#-^#APA#©MACT Kl/7.) ^#*P$ttEthernet/802. 37 U— A.k bTDSLAM^«(lIU 201) Ktti 
Jl£M<D^X&lNX&k LT©MACT Kt-^(CJ; t)#a^$ttfcm#^DA#(102 : ATU-R) — tteSISix*. 

JJctcppp©»«llcoiN-cWWfS 0 H2Sr#H8i-*Lfi*>*»5 J: 9 (cDSLAMffl J; 9 AT: ^tt-SPPP/-^ y hj)SLink=i v 
hn^f/^y fs (Protocol Fieldfit: 8021/c021) ©#-£-?: <Ds<fr y b^<fr-y b ^4 y v^— /V(302) (r 
*5V>-C^>r y^-S*ta»iaa (308) ~-«kte3££*l5o CPU*K308)-Cf4S« LfcPPP'^y McSfrL^P^AiMWc 

«fc 9^;©7a h=«/vi»W» (E19-2, 9-3#f&) ^fT5^<^PA# (ATU-R) -ftitPPP^y ha&ajtffTJbttS. 

-?T©CPUffi(308)a>£>©PPP^y-y M4'^y hX-fy^^a-A' (302) (C^^ttPHY^ 7^-*7 a 5/ y- 
(307) £iILDSWMggKttJ^£ftiifif©-7*— b k RHUiattCT K M <£ ©#-£• 14 # ATU-R ©MACT K U 

^Destination MACT K^iftS) K«fc 9 #fi#8f £ftT#^~1f-- (ATU-R) ^ <fc £ *U)P A# £ AG©fHJlC 

*5 1 > Tppp^as^^ff frn 5 „ 

Bl2 J S.U?3{C^:%^^*5t-j-5AG (Access Gateway), &T^LAM^gk:oV^T©^«rtP^7n y ^ 0;6^£n-Cl^ 

JETDSUMpg{4^yy-tf— Vfll £flT§-Atttfj £r*T 9 Ethernet/802. 3-T 7x-^By^ (204/206) , 2)PA 
^■ffillirOfg-^AfflTJ^^TpADSL/VDSL-Y >^7i- ;*7n y y (205/207) , MACT K M t-5cO# y y~ V J; 
9A7J$ttfcEthernet/802.3/^y K fc^PA^KtRJ «5 ^5^©#fi^fSt-fb^o y^203, #*PA^"»bA7J^ 
tlfdEthernet/802. 37 A ^o/^y h ^#fi-fb-f-S7*a y ^202^/V d>^> 

-2jC*3VvTtt^<y^^--^{M«t «3 5t5S ({t^-T <0 7J(S)) Ethernet/802. 37 U-i=s £*fo^ y ^ 
K$n5«l-?dSJiA>tb-C^5. *-*V<y*JJ?— >{iy^b^5^^y hff-^-2102 (7^i7i-7y KiH8#M 
) (iPHY7a y^-efc5206{CT§ffi^^$ixS o 206«t «J^y h^a-§-2102-2 (|f7i-7y HilUC) <t LT 
ttlTJ 5 H^^-iry h {iATU-R— ©Destination MACT KU-^iCj: 9 #^JPA#^ ^ Jt7 -f /t-^ y >^7n y y"203 
-1 (EI5-2) ICjoV^T^-T-y h©^felB©Destination MACT K ^^ttii" 5 «fc *) 

r. rT-MACT Kl^^©KS»CoVN-CBl4S:flJffiUT|ftWf 5o *BI*^.iXff^A»5 cfc 7 {CAG*^©(S -§-2102«Des 
tination/Source MACT Kl/^ <b L-T2011/3011 (2011('±DSLAM('iol' , >T© : S-ATU-R^fR)d i 9 & — b<DT K^^T?301 
l^iAG^C^D^^T©#DSLAM^fB]^^9 h©T KM) fe-5VMil021/3011 (102Ui=S-ATU-R{COV^-C©T K^^-C3 
011tiAG|CSoV^T©#DSLAM— |6J^9^— h©T Kl^^) 4-^^Filtering Block 203-l{CA73 $ tb-5 0 rrt?DSLA 
M©^PA#^©#^— h (ADSL/VDSW y?7i-7) (iATU-R(Cl*t 1 fCT^Jgg$tvTV^5©T*DestinationT 
^ <t U-CH201U 1021© if DSLAMrtiC-CAPAW^^tL 5 ©T^t) ftif Z r i 5 0 S5-2 




^'^s^^-f^^siiB (p^mis-rs) ic«t 9*if/^y b$m<wrv h©^@tt>&<#^s©i^ 

-7-y h^##ii»5^JBtC*>5„ FIFO 203-2. l—©»£iiW5£T L/r/N°>r y h fiff*, (cgg^ttj Lftf^fcA 0 ADS 
L/VDSLi LW^7x- (^Jx{*6M b/s^S) I:t7n y^207d^^y Kf-§-1102<!: LTttiTJ^n 
5o ^©#^-©MACT K1/7IJ7P y ^207{C*3V^T^:T1021/2011 (fJiE L/cDestination/Source MACT KU^ 
^5?011/^ll^S^ttl021/3011©^^y b±XiC^^X) t UT#Jt#^5¥^5?i ^•5^^H-C'N{@©AP 

* 19 ADSL/VDSL ^ is* 7 a,-^PHYTo y ^ T'fo5207St^205C±#APA#r t Ltfc <9 ^EIlr*5V^tt205 

f4ATU-R102fc#jSL-CV>S. * fcffe©^— h t^ot ^X t mWtlz.'<tr y h^«tSI$ix5o 



3-1, -2(i*5^T(4APA«cfc «9** (ft^-Ji 9 ^foj) Ethernet7 A^^o^<^ y h&£SL£tlZ>tit : F&1& 

WSVS", AD S / !SSc f ^^7*— ^*jBb-r*nA««*>fe*5^y hft-i-noi (7i/-A7t-vy htt_h 

9 7Jf^<t mX 08#flg) (4PHY7n y ^ T?fo5205iCT^f $iX-5 0 E|6-2(C*3^-CJPA# (ATU-R 102) «t 
y205(CA_7j ^jX/i^ y Ht#1101f4- B.FIF0 202-1 (FIFO^tt^P A# 7 ^Sfct IH CNfgfoS, *fcFIF0S* 
}co^Tfi#SE) (c*#3i*tL5 0 *mz*5i<^xm^rTyXfabmmz/^Jj'<frv KHODoiPx^y h^©^ 
^i! ) - 3 "l 4/ ' ? ' , ' ^ S ©Length 7 ^ — ^ K (g|14#i) £#J$-r5*lc J; <9 y f»fl*±fl:TflIX-f hfcS*^ 

Z>J£%XZ Z/dx^VsU b#&FiF0\zm&7&#>liei^z. k\zt£Z>. *Mfur>Atry hdSFlF0»c##ii*K 

I ? ^f5iF^ tc:;!,DA# - t t-W 0 e> ttfcMACT K^ici 9 #JbPA#dS¥iJSiJ ^tiSrili^S. r. ©#-& m 
l-£.-yffi*Z> j; 9 IC^JPA^ (ATU-R 102) ^^©{B^-110H4Destination/Source MACT K k LT2011/1021 (1021 
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teATU-R 102CDT K^^T*2011fiDSLAMlC4oJt -51^/1^— HOT K^) Srft^FIFO Queuing Block 202-HcA^> $ 

*b©JDA# (ATU-R 112~) j>5>0/^?Htt (1103~110N) (COV t> I- ^-^ttFIFO Queuing 
Block 202-2~-N— Xt>£1nZ> a g-MZtltijb b <D'*>r y V {^nA#^^SUi- 5 3% ^Source MACT i: L 

T2011$>5^«102lcD#An$tlfct»O^-?:O^4#a$nDSLAMJ; 9 Ethernet/802. 37 U-A^O/^y h2101 
m^b LTtiJ^j $^i>^) 0 

QoS^|E(co^T r-T's 5QoSi(^PA#rr<b}rtg^$tvfe^isic^^$tv, h&^SSK, 
■t^tCAG (Access Gateway) (CioV N "C i §-^ 7 o — (#>J;if£ i #J <fc -f-SMACT K l^X — fttf TtfV^ -> h^— ? ) {doV ^ 

TfT^ttS|>wi:i-5o mz.\i by t ^^->^-f>^iIM{coVN-Clll7-i^iJ^LTlft^-f--5c AG{c*sv>t 

1» (^g7-l(DJ; 5^^^KQueuing^^$t^-CV^5 0 ^J^fiff-i-T^^-I^T-feSDSLAM^lp]*^^- h (307) li# 
lAtrt l; (302)rt{CTQueuing^^$^x5„ #Queue«@^l^[ (302-1.1, 302-1.2, 302-1.3, , , ) tfftif 
ibn0iJx<i— oO^DA#-efe5ATU-R 102— [SHfC©^ y hff^-fi302-l. lfCQueuingdS ^^CD"^©/^^ h 

^^ii^^tttcftaftj^sniijaEti/jN-c*-- M3<*7) r*tti^^tts„ */css{*-t-^t^^ 6 M b/ s ©i 

^•>^^^6M b/sir&S-^ 7 t y * v-oi— t°ls7*ti*>t£&txZ> 0 AGCDffl^}^— h (307) J; V tBtl ^ntc^y- y 

MlSi?S2 L 4 Mfc ! ? 3, ' N ' ro7 * > v * v ^-yzfn v ^ 203-1 tc^^-c^y h©3fe^oMAcr k £#mi-.5*i£ <t 

9#S#gf^££;ix, S^fc^y hft-e-2102-3 (BI5-2#M) fiFIF0203-2. HC##ii^H5o r<0 

Ig J&APA^r <b ©ADSL/VDSL ^-/^7i-^©7/1 — :7V M36M b/si-TSi, FIF0203-2. HC{i^-{C6M b/s© 

f^t'^ h^WFIFO^^-y ^^gir^So L^U^y hS^*< 7i >9 ^FIF0203-2. lC9^»^rMxfc 

£ bT^AG(£fc(t^^^-fc 0 >^|g{c £<0*s<y-y Mi77^yHk (*ffl3Hb) $tt*FIFOA-bfc^ttJ±l-C 

^Wf-§-±i9^rfp]lCi3V^-r=S-iDA# (0)J?L{iATU-R 102) frh<Ds<fr y by*— ^ADSL/VDSL -f 7^ — 
-g^U-TV M*t£<§Scl00k b/sO^J— y-T'fo6^fctx^:100k b/sT-ti^y h #tt*ttl $n&it*Uf DSLAM 

rt<DFIF0202-HC5S^oTU*V^— ^»TL$ 5 0 * r. -CI2|6-2<D#FIF0202-1 miU<y~ y hOfg/^ 

y h ft^-T h fttO&M&G Ltfc 9 #FIF0;$> b fiEthemet^ ^ 7 ^ — 77ny^ 204— ^J100Mb/sO 7* y 
M£TSg^ffl£;h,Ethernet/IEEE802.37 U"- -k&Wpofcfll -5§-(210l) i $ tt5 0 i rT-lo^PA^T-fc-S 

ATU-R 102^ib<7MH#(D^Co^Tf&l3Jl bfca*£-fl-WHB©J!JOA# (ATU-R lN2d*3b £>^£t35aEi L-TV^S) 0 *fcEt 
hemet/IEEE802.37U— A*rj$ofcftr*<2101)^©3EiftJ±PHY^n y ^ (204) ICfcV^-ffc £*l£ 0 AGKSWbfc* 

s^ry bitis-^T'o^icxmmvtz^imtmm. h^its/^y h^-r yftj?a- /voo2)i*i«: 

f 7 "?^^ ^ f-7D--ri:(Cfe^$n-5^*Bd^<QueuingdS^$tt-rv^o DSLAMd^^Si^^y Mt"§-fi# 
^f - ^^ (302)rtteTQueuing38*/ji*n, *Queuett:iI5fc)|jite (302-2.1, 302-2.2, 302-2.3, , , ) tftttfb 
t t ?j£fc° <D * n ^*" C * >5ATU ~ R 102*»&©^y h<f-§-(i302-2. HCQueuing^ $ tt5 CDt?ft&0^^- y hflf-f-J: 

9 1 ^^^i k§§^ Jit $ naiji <> */h-c-AG &K>'<vv-i£—>*y vy—?tbz>\^ ttcpu^s- mti £tiz> 0 r 

tt±*>fir*o*fta*fc*»«*Mfciook b/sO^-~y--cfes^ > T «? W«»»-*-'<* ffir^cdS6M b/s©#^-<t U© 

^fcAGjcssv^-copppx-?^-^ hco^si (E12, 3#m) &M\z.wvmmmmd^xm.m-rz. mic&ztix^z 

=t!?(CAG OOD lCiSVNT-tn&^'iry h« -^fiPPPt \^X<DWm®iW<Z.&-rz>s<>r y V<DZj- (E19-1, Protocol Fi 
eld 8021, c02l) ICOV^CPl* (E12, ^By^308#fl8) (CTMS^^^n, ^Wf-^ t Lt©IP^ 

^^IK^U^L ttP0S (° c_12c ) <(^7x-^p^ (304) [c:io^^r-0.#IP7 ^ -^}c*fb#^^A#ATU- 

RirtOP^-e^^nTV^PPP Encapsulation— »} |SfeA»ixP0Sffl©«ffc/jrPPP Encapsulation (7^-— 

5PPPt LTCDSy^^iaJcBa-rS^-T-y hCO (El9-1, Protocol Field 8021, c021) ^SfCOV ^rCPU^ (02, ^ 
n y^308) {^Protocol Field 8021, c02lSr^fOPPP^^ >y h^oA^^^fc*-^, 09-2, -3^COV^TCO^! ! 3a 
J,4 nk B ^ on H?i Protocol, ^Network Control Protocol) iff 0 ^|Cl)2{C^$ ttT^S «t 5 (CCPU^(308) b&A 

W-jt<gT$XMM/\tr y h ©(Ba&Srfr 5 . Link^S:{c^g/ e c7 ,> D r 3/t-co-^ «j H 0 *Wt>Z> t El3}'^$ix-5 J: 5 
\ZMfR<Ds<y?#—^*yby — f W^-^yF) <b (OfflT'IP^^y h^-^ ea^ 9 % 9 *#*0A# (ATU-R 

^^C0SlJ%>'fT^n5* : (C/ t e5 o M7 — ^ t*AG|HI©#^y (HU 3101/3102) ttPO 

S{C± 5IP7 — ^ Wtej^O^PPP Encapsulation (Msg LfciPA#*»fe cDPPPfeS i: Wt£fc 5 , Ull, 12#M) (CO 

^^l^Zn^^iC? y ^ Z 304 / 306 ) f--cppp-y rvttMtoz^tttim&mztiZo mm lt# rt «t 5 icpos 

(-*3(t5PPPMScD^:^)100Mb/sCOEthernet/802. 37 ^>$r^o7tff-§-(2102) i: UTfe^fctCPPP ^0;S(7 o n ha 
frtQMt Encapsulation) ^JS $ ttAttJ^J 5 0 

cess Gateway) <t L^TO^tS <h 
$^^;^ T :? m V^t'^^LAM^^I^^^ ^ K-^©&it'Ii (JPA#©W8U«*) -r**JcJ:«3APA 

Si^D^i' f,4D l L ^~l G S^ E c , th ? rnet/ ? 0 ^ 3 ^ 7*-^ (2101/2102) tC-C«fiJgLTV^©*re2feEE«*#tf 
T^k_P0S Frame ^r^ofcTtfe^- (0C-3c) <b Lfc^t?fc5 0 r^tMy hf-^-WAi: LTOiMf- 
?5*S?ltSffra«-C**. a LDSLAM~AGWS:P0S Framed ofcTfcff -*§- (0C-3c, Hl2#flg) fct5»^, «tf3* 
LTtfc «fc 5 *^^X*ftftS^OPPP^aiS*$tt*OW^eiS$n5>^y h-^PPP Encapsulation^- 1, S 
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I?a»fc5 0 *fcfc<ht<t^PA#^fc3ATUHW»b©fe#fiPPP Encapsulation$ttT^^(DT'-?r<75PPP X-^r 
£***&!£? pp B»capsulation**L5rtlC*5 . ^T^S^W*I!lf^lCO^T|g|10^VNTS»K-r 

5 0 S«5tc(lOl: PC) J;»)x<y*)J?— >"*y h!7 — ^*|^HCtH^7$*t5IP^y h 7*- y" tiATU-R (102) T'-t©* 
1J y^^— y/l^OADSL/VDSL^^^7i— ^^iiLT^^y h^-eO^S^M-fbLPOS (Packet Over SON 
ET)-Y>^7i-X^^ofc0C-3c{H-§"<t LTtti/j, fc-5V^2P0S 0C-3df^i U^^y h^<~*<D&mftMZft 
2DSLAM^(201)2Tilfi*l3 o y h-<-^ODSLAM^g(201) {CjoV^T#< ©#PA#(102: ATU-R)A>ib© 

(ff*^#*$ni55Mb/s(OPOS Frame*«pofcOC-3c«-§-(2101) t LTttl^$iXS. 

*£f:r©^J|0J£ LT©AG (301) K*i^TA2> £*X5'*y- y hft^-(210l) tt*PA#£ ©P^©PPPff5y^3Kgf|-r 
KH2#I) <Dtts<tr-y yfti?a- ;K302) SrilUTCPU^ (308) — ffl;fjU CPU^^^atu- 
^ 5jJ* ^"tJ? * 19 5 V^ppp^a^rtf 5 o r. r -^©pppms (ppp i t t j3agi*)©cpu^ <t atu-r© 

W©"^t)I&?»©*-CDSLAM~AGW|(OPPP«ia (PPP2<t-f5) <tfiS#S. PPP 2 £ LT©«Hffif±DSLAM~AGM«rP05 

QttKLfc&S-i&StCft&T'n h 3/UT'fe<9PPPy ^y-^Jg^S->— <7->';*^:©t>©<iEl9- 
2© t *3 0 T?S>5. * fcPPP 2 f4DSLAM~AGM ^POS-f V^7i— ^(Ci •? $j£ Lfc»&^lf fcft t) 02|C*5»t -5P0 
S^f Vy-^-^n y^307~206WXtr305~204|H»C*?i^-C»i»$HS. y * fc*3^TBIlHc:i3tt3* 

#J©PPP Encapsuationte® 9 &£/WX#:©v"d y^^t^;y h (PPP 1 ©Encapsulation^:*^) jlfitt^ 0 PPP 

2te Hij^bfcJ; 5**DA#©M • fM#P (Ms f-t^fl, AaA#r~<t 9 St**) * 

^,27*^^2^^ ^ (Maximum Transfer Unit 

:MTUlNf ;*) ©ttjgfcfr:?. Sfcpppi »cov^ttAGrt«c*5V^|g-©lllfi«aj^*tLfc©ira«»cff^n5. 

^£y h^-^ODSWMic*5^TM— ©||JS«n)-CttMACT K u^dS^PA^JSU^^fc^^^ttTV^cdSHllfr 
^£;ft.J> <k plcM_9^M«^f4*nds/j:v^»^!|iUSiJ"t"S*As-c#/j;v\ ^rt?P0S-f >?7^— * (2101/210 

2) JrilL/T^yytf— 9 (ftr-§-T 9 ^[6]) PPP^y h £ATU-R^©Destination MACT K ^ ©ft <0 

(C#*PA# (ATU-R) ^»t#fi^«-ra*t#APA#t«IOige>ixfcIPT (Filtering Block^^y-U 

YZZ?Z& 2Q2 ~\^±- 2) PP^^y h*©IP^y-y h3teSU«5 17-20^ hg*J15:*|Cj:*)/§ftfCf# 

£ j& > *f V "» T$M*T 5 „ ^O%(O#a^fi|O^©»j#(4B-O^ti£0iJi:IWICT-fo5 o o£ t) DSLAMf*! K T#P 
A#a»*fr£3ft5©-?D51^©M*#^©#jtf— h- (ATU-R}C1*J- 1 »CCSM*$nfcADSL/VDSLW ^7^-*) J4M 
AC©DestinationT K t Lt «{5TT*t ftl^a«#— ©HKS0!|© «t 0 fC& ib^C*S>J U tg bttTV>5 

*^~©^36fiJ{C*3V^Tf|-§-±l5^[p]{C*5<taARA#<S!l«t 5 Ethernet 7 I'-AtftoX^y MS#fi£*b5 
jtHF-tCo^TtjB— (D-mMmtm^-^^^o o£ »J ADSL/VDSL^ 7 ^iibTiPA^lftia^SfcS^y-y h 
fa-^HOHiPHYy'p y^-efc5205}C-C^H^/ t c^tL5o -tJx-^n©'^ y h fc«JPA#@W©IPT KU-X&i*^ 
y£205(CTEthernet/802. 37 AttSl •? ffefrtl&M. Jfc^D y ^204*^(4P0S-f l^f^^ — Xt 

L.xmti£ti&<Dxmiuc7F£tiz> x 9^rtLbPPP^^y hjipos-r ^-^^^-^.^libTta^^na^cDPPP e 

ncapsulation^^tJ 5 ^ ^ tt^o 

*3&8StfSM£5PPP Wvhy-^y hzfu h=*/u) ©»«»^rfextjyraA#A»p)*y (^y--*y 
cy^£ ft ^? #fi && ov '"^£5#% ww ^ 5 - ( > UT#fc«t5»ciP^y HEi£©ai 

f *-f*^^ ^-^y Mcg&fcLJ: 5 i:t5^ PPPfilPx^y h^Iffl-T 

5§R^w^.uT*3*»/jjttnwr?fce»/j:^!; ^^7*n h=^^*>ijiPW-T—- ©T^ffia-rs (i9-i — 3#m) = 

HDLCfe^©PPP Frame7i— -7 -> h f4E|8£>ii •? -C-t©^ n— K(C*3V ^32Bits©Protocol 7 -f — K&ttAlL 
fctfe^y>7;-7^i UTIP^y h*s#A*tt5 0 JJ >^?SSz:©^©^n h 3/^© t. ©tt^-eii^V^ (119 




S^S^ii^l^il^^^rf^ NT^-t^-r5APA#^ttxT^f< tco*u«il««rftofciS*ti«RbTV>< 
^i J 5^-^ ,CJ;t, ^ l '^?E' :) ^^ ;5r ^^ M>— (HI, 301) (c^o*T'APA#f@^© 
QoSSrStt^LATMU-l' -Y — Zfe? r <k < APA#^6> ©Ethernet/802. 3^^ y h^— ^ ^t©* * VDSL-^ADSL^© 

WT(cpppi||.«a©^{cov^-r* <t ©5 

^y hory'ny^^dSP) — ©A0P 
-^tE (Aucenticat ion) -^^^ $ HX v V ^PA#f4Link-t © t © ^slixT "T — ^ 

-H^ (Accounting) -Hgigg LTI ^B^Rfl 
tltt-t'^t©t,©Ofi (SMS) ^9 
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J^PPP Framed;*- — y b t LT COHDLC-like<D 7 U— J»ffimX~h% a - - - 

PPPOMStcjoVN-CJiLinkO^ (ICDf a-f-i LT©lliEi5tf^5) ^^T*fc-5» ®9-HC^$ttT^ 
5 <fc 9 \CLCPs<tr y b (Protocol FielcKDjitT'ES'J) K J; <Q Link&5fe3£ U #C^-CNCP/-^ h (Network Control 
Protocol ){C J; S-h-EC^Ov^— ^te^W^OConfigurationSr^T 9„ - CO^^.— tf — /^-ir y h^— & fr$j&&&tlZ> 



^tHSlETF Document RFC1161/1162/1332/2516, IEEE 802. 3 



[g HC jo ft 5 '^5/ btdM^— ^(DDSLAM^C^oV^Tc73MACT K U;* f£ £ -SflPA^ (ATU-R) ;$>b<£>^-ir-.y h^ILRtF 

t^^A^*^ 1 ^ (ATU-R) d^O/^y^IS^l^lfm ifcfcPOSl'^^-^KAtti 

77 3*?)^>APA#^?3PPP Encapsulation ^ttfe^^y htf>£ib&3PPP Encapsulation^^ AG(d*5tt Z-ZftbP 



fPPPJI + CmSEj + TIS^J + ITQoSj + ("Packet Over SonetJ + fMACT Kt/^J + T^Mitl + T^&ftM 

fcj + TADSLJI + ("VDSLj + flSPjl + fDSLAMJI + (V hj + fT* ir^- f J " ^ m:77H,E 

h=^ffi^S (^2000-252443, B^lttS^t, MB 
[If— ^(DtzHb?)*— V— K] 

„ITPPPJ + mBEj + ThS^JI + [TQoSj + ["Packet Over SonetJ + TMACT K J + T^fi^J + Tg-MftM 

ftj + TADSLJ + ITVDSLJ + TISPJI + fDSLAMj + bj + |fT^-t?*y- b J 




1 7^X^-; l-7-*y^rA±«;ffi/i!t 
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• PPPControXflriap) 



0 2 AG(Acces» Gateway) ~ DSL AM ~ ATU-R ^ ^ 
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IEEE 302.3 frame 

ttpaaB888888tj tssmnnns* [ 



Ethernet frame 

I 1 1— i 



13 Ethernet/ IEEE 8 02.3-?^^ 1> -y*~-?y h<J>M\ s 
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[Title of the Invention] 



Exhibit 4 

Serial No. 10/050,600 Docket No.: P14979-A 



Circuit multiplexer 
[Characteristic of the invention] 

» » 

FIG. 1 shows an entire configuration of an access network system. The present invention is 
characterized in that, in response to an Internet access request from a PC (101: Personal 
Computer), PPP (Point-to-Pint Protocol) packet data for carrying IP (Internet Protocol) packet 
data (see FIG. 8, FIGS. 9-1 to -3 and the section "Background of the Invention") is loaded on 
an Ethernet frame (or a frame of IEEE 802.3, see detailed drawing FIG. 13, hereinafter 
abbreviated to Ethernet/802.3) (see RFC 2516), the frame itself is analog modulated so that it 
can pass through an ADSL (Asynmetric Digital Subscriber Line)/VDSL (Very high speed 
Digital Subscriber Line) interface in the figure in an ATU-R as a subscriber and carried to a 
subscriber multiplexing apparatus DSLAM (Digital Subscriber Line Access Multiplexer), and 
carried from the DSLAM to an AG (Access Gateway) apparatus through a PHY interface 
having an Ethernet/802.3 frame, in a system in which each subscriber (terminal) is about to 
connect to the Internet. A mode of the present invention is applied to all the packets for PPP 
packet data (for controlling and for IP packet data, see FIG. 9-1 Protocol Field). PPP (see 
RFC 1161) is for performing authentication (Aucentication -» an unregistered subscriber 
cannot form a Link itself and hence can neither transfer data nor receive an IP address itself), 
accounting (Accounting -» a time being connected), management of service itself (SMS: 
Service Management System), subscriber-specific band allocation (in this case, ATU-R), 
ensuring QoS and the like. Specifically, PPP itself is placed at an entrance of an ISP 
(Internet Service Provider) for having the ISP perform the abovementioned authentication, 
accounting, service management, allocation of a band for each subscriber and the like 
(guaranteeing QoS). 

As shown in FIG. 15, conventionally, the protocol (PPP) termination performed as DSLAM 
which processes an ATM cell as a base sets another apparatus dedicated to termination (FIG. 
15, block 701) immediately before the IP data (signal upward direction) from a subscriber 
(ATU-R) being subjected to analog modulation so as to become ATM cell signals (an ATM 
cell header VPI/VCI differs for each subscriber) which are made into an AAL5 (ATM 
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Adaptation Layer 5), and pass through ADSL ADSL interface; carried to the DSLAM; and 
returned to original digital packet signals and multiplexed at the DSLAM, further multiplexed 
with similar signals from another DSLAM at an ATM SW (block 601); and entered into a 
backbone network of the Internet. The identification itself of the subscriber (ATU-R) is 
performed by uniquely allocated VPI/VCI at the DSLAM. Signals coming from a backbone 
network or a PPP terminal apparatus (signal downward direction) are separated at the 
VP I/VCI and carried to each subscriber. 

According to the present invention, a PPP header (see FIG. 8) is added to (Encapsulation) 
packet signals (IP data) from a PC, which is a terminal in the signal upward direction (a 
terminal: from a PC to an AG: a direction toward an Access Gateway), and further a frame 
header of Ethernet/802.3 (an MAC address differs for each subscriber, see FIG. 8) is added, 
and converted into ADSL/VDSL signals at an ATU-R and carried to a DSLAM. At the 
DSLAM, respective packet signals are written into an FIFO Queuing 202-1 to N (see FIG. 
6-2) from the abovementioned MAC address as the top (in this case, a MAC address for each 
subscriber will be a Source MAC address, see FIG. 4 for further detail of the MAC address) 
in the block 202 (FIG. 2), and multiplexed. The multiplexed signals are converted into 
Ethernet/802.3 signals at the block 204 (FIG. 6-1), which performs PHY layer processing, and 
outputted from the apparatus as signals 2101. Then, processing as PPP protocol signals (see 
FIGS. 9-2, 9-3) is performed at an AG (Access Gateway), or the subsequent apparatus. In 
contrast, in signal downward direction (a direction from an AG to a terminal: toward a PC), 
signals from the block 206, which performs PHY layer processing, are demultiplexed for each 
packet by an MAC address (in this case, a Destination MAC address, see FIG. 8) which is 
allocated for each of the abovementioned subscribers as shown in FIGS. 5-1, -2 at the 
DSLAM. After each demultiplexed packet is written into FIFOs 203-2.1 to 203. 2.N (FIG. 
5-2) and read out, it is converted into VDSL/ADSL signals and outputted from the block 207, 
which performs PHY layer processing. 

The present invention is characterized in performing not only accounting, authentication but 
also guaranteeing QoS of each subscriber in the entire access network system by multiplexing 
or demuliplexing data from a subscriber by using Ethernet packet signals of a variable length 
packet instead of using a technique as an ATM cell of a fixed length packet at DSLAM, and 
similarly controlling reservation of an allocated subscriber-specific band, Queuing and the 



-5- 



like which is determined by PPP by distinguishing each subscriber (in this case, each ATU-R) 
by an MAC address similarly at an AG. 

[Embodiments of the invention] 

FIG. 1 shows an entire configuration of an access network system including the present 
invention. In the figure, IP packet data outputted from a terminal (101: PC) toward a 
backbone network (in a signal upward direction) (see FIG. 14) is subjected to PPP 
Encapsulation (see FIG. 8) at an ATU-R (102), added with a frame as Ethernet/802.3 (for 
further detail of an MAC address, see FIG. 4), further subjected to analog modulation, and 
carried to a (packet base) DSLAM apparatus (201), which makes a variable length packet the 
base of the processing, through an ADSL/VDSL interface on a metallic cable. At the 
DSLAM apparatus (201), packet signals from many subscribers (102: ATU-Rs) are 
multiplexed by using MAC addresses (in this case, Source MAC addresses) allocated for 
respective subscribers, and outputted as signals (2101) having Ethernet/802.3 frame of about 
100 Mb/s. At an AG (301), the packet signals are processed (for details, see background of 
the invention) at a CPU board (see FIG. 2, block 308) only for packets relating to control 
processing as a PPP (FIG. 9-1, Protocol Field 8021/c021). PPP Encapsulation headers are 
once removed from IP packets as the other data (FIG. 3, 3101) and the packets are transferred 
to a backbone network through a POS interface (Packet Over Sonet/SDH, for a detailed frame 
format, see FIG. 12) (in this case, as in the former case, PPP Encapsulation needs to be 
performed on an IP packet, but the Encapsulation, which is different from the 
abovementioned PPP processing from the subscriber and is detailed in the second 
embodiment, is performed at an interface block 304). At the AG, controlling is performed 
including the abovementioned authentication, accounting and the like for each subscriber (see 
background of the invention). In contrast, a PPP header is removed from packet data (3 102) 
which is subjected to PPP Encapsulation for transferring IP data by a POS interface in a signal 
downward direction from the backbone network at an interface block (306), subjected to PPP 
processing (protocol processing for POS: the maximum packet length exchanged with an 
opposite apparatus: determination of Maximum Transfer Unit size, and the like), and 
outputted as signals (2102) having an Ethernet/802.3 frame of about 100 Mb/s. At the 
DSLAM apparatus (201), the signals (2102) having the Ethernet/802.3 frame can distinguish 
a targeted subscriber by MAC header information (Destination MAC Address, see FIG. 8), 
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are demultiplexed with the information (Destination MAC Address) and carried to each 
subscriber (102: ATU-R) through an ADSL/VDSL interface (1102). At the ATU-R (102), 
the signals are inputted into the PC (101) as an original IP packet which is Ethernet/802.3 and 
a PPP header removed as header information from the abovementioned received signals (As 
shown in the figure, if an Ethernet interface is used between the ATU-R and the PC, an MAC 
address of Source/Destination in the Ethernet/802.3 packet is present. This is the same as 
the case of a usual LAN, thus, the description of that will be omitted here). 

FIG. 2 shows a block diagram in an apparatus for an AG. Operation of the AG will be 
described here. Packet signals (for the format, see FIG. 8) inputted from the DSLAM 
apparatus through the Ethernet/802.3 interface (2102) are received at 307, a PHY block, and 
at this block, the signals are switched by an Ethernet/802.3 packet frame at a packet switch 
module (FIGS. 2, 3, block 302) by the Source MAC address (this tells which subscriber 
ATU-R the packet comes from) and outputted to a CPU board (FIGS. 2, 3, block 308) or a 
POS interface (304). It is determined whether it is IP packet data (value: 0021) or a control 
packet for Link control (value: 8021 or c021) as Protocol Field values (see FIG. 9-1) in the 
Ethernet/802.3 packet frame being referenced at an interface block 305. 

If it is the IP packet data, a header part (a part other than packet data of 
Flag/Address/Control/Protocol/FCS/Flag of FIG. 8) of the PPP is removed from the packet 
(the PPP means termination), transferred to the packet switch module (302), switched and 
outputted to the backbone network (FIG. 3, signal 3101: the signal format is FIG. 12) through 
the output interface block (304). In contrast, a Protocol Field value: 0021 (see FIG. 8, FIG. 
9-1) for PPP processing toward a subscriber is added to the packet data which is mapped to 
the POS signals (3102) from the backbone network in the direction of a signal inputted from 
the backbone network (in a downward direction) at the input interface block (306), transferred 
again to the packet switch board (302) as a PPP packet, packet switched, and a MAC address 
(in this case, a MAC address of each subscriber) is added to at 307, a PHY block, outputted to 
the DSLAM apparatus (FIG 1, 201) as an Ethernet/802.3 frame, demultiplexed by the MAC 
address as each subscriber in that, and then transferred to each subscriber (102: ATU-R). 

Next, termination of PPP will be described. As it is apparent from FIG. 2, if a PPP packet 
inputted from the DSLAM side is a packet for Link control (Protocol Field value: 8021/c021), 
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the packet is switched at the packet switch module (302) and transferred to the CPU board 
(308). At the CPU board (308), a PPP packet is sent out to each subscriber (ATU-R) to 
perform the protocol termination (see FIGS. 9-2, 9-3) on the received PPP packet by program 
control. The PPP packet from the CPU board (308) is transferred to the packet switch 
module (302), outputted to the DSLAM apparatus through the PHY interface block (307), 
demultiplexed by an MAC address (in this case, an MAC address of each ATU-R is a 
Destination MAC address) as in a usual data packet, transferred to each user (ATU-R), and 
subjected to PPP processing between the subscriber and the AG. 

[Constitution of embodiments] [Description of operation of the embodiments] 

FIG. 2 and FIG. 3 show detailed block diagrams inside apparatuses of AG (Access Gateway) 
and DSLAM apparatuses in the present invention. Detailed operation of each component 
will be shown below with reference to the detailed block diagrams FIG. 2 and FIG. 3. 

First, the DSLAM apparatus consists of an Ethernet/802.3 interface block (204/206) which 
inputs/outputs signals to/from a backbone side, an ADSL/VDSL interface block (205/207) 
which inputs/outputs signals to/from a subscriber side, a demultiplexing block 203 for 
allocating an Ethernet/802.3 packet inputted from the backbone to each subscriber based on 
an MAC address, a block 202 which multiplexes a packet having an Ethernet/802.3 frame 
inputted from each subscriber, and the like. 

FIGS. 5-1, -2 show a case where a packet having an Ethernet/802.3 frame coming from the 
backbone side (in a signal downward direction) is demultiplexed. First, a packet signal 2102 
coming from the backbone side (for the frame format, see FIG. 8) is received at 206, a PHY 
block. It is outputted from 206 as a packet signal 2102-2 (the signal format is the same). 
The packet is demultiplexed as each subscriber is distinguished from a Destination MAC 
address to an ATU-R, and the top Destination MAC address of the packet is detected at a 
filtering block 203-1 (FIG. 5-2). 

Setting of the MAC address will be described with reference to FIG. 4. As it is apparent 
from the figure, a signal 2102 from the AG has 2011/3011 (2011 is an address of a port 
toward each ATU-R in the DSLAM, and 301 1 is an address of a port toward each DSLAM at 
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the AG) as a Destination/Source MAC address or 1021/3011 (1021 is an address for each 
ATU-R, and 301 1 is an address of a port toward each DSLAM at an AG) and is inputted into 
the Filtering Block 203-1. As each port for a DSLAM subscriber (an ADSL/VDSL 
interface) is connected to an ATU-R one to one, the Destination address may be either 2011 
or 1021. As subscribers are identified in the DSLAM, the subscribers can be divided. In 
FIG. 5-2, signals which are a packet having 201 1/3011 as an MAC address is inputted in a 
block 203-1 are written by a Filtering into an FIFO203-2. 1. Here, according to FIG. 14, as 
the number of bytes of the entire packet can be recognized as a Length field at the third to the 
fourth byte from the top in the IP packet of the inputted packet (2102-2) is referenced, the 
signals only need to be written into an FIFO by the number of the byte. As mentioned above, 
the FIFO is reserved for the capacity of the longest packet, and a shaping function (described 
later for further detail) in the AG eliminates packets remaining before the currently arrived 
packet. Thus, the FIFO can always receive the longest packet written into there. The 
packet which has been written into the FIFO 203-2. 1 is immediately enters into reading out 
operation, and outputted from the block 207 at an interface speed as ADSL/VDSL (for 
example, about 6 Mb/s) as a packet signal 1102. Although all the MAC addresses in this 
case need to be changed to 1021/2011 at the block 207 (for all the packets of 2011/3011 or 
1021/3011 as the abovementioned Destination/Source MAC address), all the packets received 
at ATU-R are processed as those destined to the ATU-R as the ATU-R is connected one to 
one to N subscribers in all. That is, 207 and 205 which are ADSL/VDSL interface PHY 
blocks correspond to each subscriber. In the figure, 205 corresponds to ATU-R102. 
Packets are processed to the other ports in the same manner. 

FIGS. 6-1, -2 shows a case where a packet having an Ethernet frame coming from the 
subscriber side (in a signal upward direction) is multiplexed. Packet signals 1101 coming 
from the subscriber side through an ADSL/VDSL interface (for the frame format, see FIG. 8 
as that in the upward direction) are received at 205, a PHY block. The packet signals 1011 
inputted by the subscriber (ATU-R 102) into 205 are once written into the FIFO 202-1 (the 
number of FIFOs is N, the same as that of subscriber lines. The capacity of an FIFO will be 
described later.). In the figure, as the number of bytes of the entire packet can be recognized 
as a Length field at the third to the fourth byte from the top of the IP packet of the inputted 
packet (1101) (see FIG. 14) is referenced similar to the signal downward direction, the signals 
only need to be written into an FIFO by the number of bytes. The respective packets can be 
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multiplexed after they are written into FIFOs and then read out from each of the FIFOs (from 

202- 2 to 202-N) in order. In this case, each subscriber is identified by an MAC address 
allocated for each subscriber as in the signal downward direction. Setting of the MAC 
address in such a case (in a signal upward direction) will be described with reference to FIG. 
4 as in the signal downward direction. As it is apparent from FIG. 4, a signal 1101 from the 
subscriber (ATU-R 102) has 2011/1021 (1021 is an address of ATU-R 102, and 2011 is an 
address of the port in the DSLAM) as a Destination/Source MAC address and is inputted into 
an FIFO Queuing Block 202-1. The packet signals (1103 to HON) form the other 
subscribers (ATU-Rs 1 12- ) are similarly inputted into FIFO Queuing Blocks 202-2 to N 
respectively. For the multiplexed packets, those added with 201 1 or 1021 as a Source MAC 
address for identifying a subscriber are multiplexed as they are and outputted as a packet 2101 
signal having an Ethernet/802.3 frame from the DSLAM. 

For the guaranteeing QoS, the term "QoS" here means that a band set for each subscriber is 
reserved; no packet drop occurs; and delay in signal transmission is the minimum. The 
setting of a band, shaping of traffic and the like are assumed to be performed for each flow 
(for example, packet data toward a targeted MAC address) at the AG (Access Gateway) in the 
conventional ATM SW. For example, traffic shaping or delay will be described with 
reference to FIG. 7-1. At the AG, flows to be inputted are all stored in memory inside the 
packet switch module (302) which processes each packet, and the memory has Queuing done 
in pieces as shown in FIG. 7-1. For example, the port (307) toward the DSLAM in the 
signal downward direction has Queuing done in (302) for each subscriber. Each Queue is 
given an order of priority (302-1.1, 302-1.2, 302-1.3 ...). For example, as packet signals 
toward an ATU-R 102, a subscriber, have Queuing done in 302-1.1, they are processed 
preferentially to the other packet signals, thus, have the minimum delay, and outputted by the 
port (307). If a band to be reserved is 6 Mb/s, traffic shaping is done so that the maximum 
band is 6 Mb/s. The packet signals outputted from the output port (307) of the AG is 
demultiplexed as the top of the MAC address of the packet is detected in the filtering block 

203- 1 in the DSLAM. The separated packet signal 2103-3 (see FIG. 5-2) is written into an 
FIFO203-2. 1 . If the throughput of an ADSL/VDSL interface for each subscriber is assumed 
to be 6 Mb/s, packets are always written into the FEFO203-2. 1 at a rate of 6 Mb/s and read out 
at a rate of 6 Mb/s. Therefore, FIFO memory for the maximum packet length byte for a 
packet is needed for each FIFO if the QoS is to be met. Even if a packet length is get longer 
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and exceeds the capacity of the FIFO203-2.1, the shaping function in the AG fragments 
(segments) the packet so as to prevent it from being over-flown from the FIFO. 

In contrast, in the signal upward direction, packet data from each subscriber (for example, an 
ATU-R 102) has a low throughput for the ADSL/VDSL interface, such as several 100 kb/s 
order. Unless a packet is read out even with the several 100 kb/s, the packet clogs at the 
FIFO202-1 in the DSL AM and destroys the data. Each of the FIFOs 202-1 to N in FIG. 6-2 
has the capacity of the maximum packet length byte of one packet. The packets are read out 
from each of the FIFOs to the Ethernet interface block 204 at the throughput of about 100 
Mb/s and outputted as signals (2101) having an Ethernet/IEEE802.3 frame. Here it is 
described only for signals from a subscriber ATU-R 102, N subscribers are (ATR-R EN2) are 
assumed to be present in all. Conversion into a signal (2101) having an Ethernet/IEEE802.3 
frame is performed at the PHY block (204). Each packet arrived at the AG has Queuing 
done in pieces because it is stored for each flow as shown in FIG. 7-2 in the packet switch 
module (302) which processes each packet, as it is described in a signal downward direction. 
Upward packet signals coming from the DSLAM has Queuing done in (302) for each 
subscriber. Each Queue is given an order of priority (302-2.1, 302-2.2, 302-2.3 ...). For 
example, as a packet signal from an ATU-R 102, a subscriber, has Queuing done in 302-1.1, 
it is processed preferentially to the other packet signals with the minimum delay and outputted 
from the AG to a backbone network or a CPU board. In such a case, although an upward 
signal speed is as much as several 100 kb/s order, it is subjected to traffic shaping as a band to 
be reserved is 6 Mb/s as similar to the downward. 

Now, detailed operation will be described by taking an example of PPP packet processing 
(see FIG. 2 and FIG. 3) in the AG. As shown in FIG. 2, in the AG (301), only packets 
relating to control processing as a PPP among the packet signals (FIG. 9-1, Protocol Field 
8021, c021) are processed at the CPU board (see FIG. 2, block 308). A PPP Encapsulation 
header which is used with each subscriber ATU-R is once removed from the IP packet (FIG. 
3, 3101) at a POS (OC-12c) interface block (304) as the other data, and another PPP 
Encapsulation for POS (format itself is the same, but exchanges information in the maximum 
transfer packet length: MTU size or the like with the opposite POS interface) is performed 
and transferred to the backbone network through the POS interface. For processing of a 
packet relating to control processing as a PPP in the CPU board (FIG. 9-1, Protocol Field 
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8021, c021), the CPU board (FIG. 2, block 308) transfers a control packet between the CPU 
board (308) and each ATU-R as shown in FIG. 2 to perform processing for FIGS. 9-2, -3 
(Link Control Protocol, or Network Control Protocol), if a PPP packet having Protocol Field 
8021, c021 is coming from a subscriber. When exchange of a protocol necessary to 
establish Link finishes, each subscriber (ATU-R) exchanges IP packet data with an actual 
backbone network (the Internet) as shown in FIG. 3 and accesses the Internet. 

Controlling including the abovementioned authentication, accounting and the like is 
performed on each subscriber at the AG, as the abovementioned control information of a PPP 
packet is exchanged. A PPP header is added to or deleted from each packet signals (FIG. 1, 
3101/3102) between the backbone network and the AG for the PPP Encapsulation (different 
from the abovementioned PPP processing by the subscriber, see FIGS. 11, 12) at an interface 
block (304/306) for transferring IP data by POS. As mentioned above, after the PPP 
processing at the POS, PPP processing (protocol processing and Encapsulation) is performed 
anew as signals (2102) having an Ethernet/802.3 frame of about 100 Mb/s and 
inputted/outputted. 

[Description of Advantage] 

As mentioned above, the present invention has an advantage in ensuring QoS of each 
subscriber with a simple and inexpensive apparatus configuration by efficiently processing 
PPP packet signals (perform controlling such as authentication, accounting and the like) from 
a subscriber and without using the AAL5, an ATM cell assembly/disassembly function, as it 
realizes a function as an AG (Access Gateway) in a system shown in FIG. 1 and a function of 
the DSLAM realized in a conventional ATM base by packet based processing (including 
distinguishing of subscribers). 

[Other embodiments of the invention] 

FIG. 10 shows an entire configuration of an access network system including the present 
invention as a second embodiment. It is different from the first embodiment in that optical 
signals (OC-3c) having a POS Frame are used to extend a transmission distance instead of 
configuring an Ethernet/802.3 interface (2101/2102) between the DSLAM and the AG. Its 



- 12- 



operation as an access network system is almost the same as that of the first embodiment. If 
optical signals having a POS Frame are used between the DSLAM and the AG (OC-3c, see 
FIG. 12) a packet subjected to the abovementioned PPP processing for determining the MTU 
size and transmitted between them needs to be subjected to the PPP Encapsulation. As 
signals from each subscriber, an ATU-R, are originally subjected to the PPP Encapsulation, 
the PPP packet is further subjected to the PPP Encapsulation (see FIG. 1 1). Basic operation 
will be described below with reference to FIG. 10. IP packet data outputted from a terminal 
(101: PC) toward the backbone network passes through an ADSL/VDSL interface on a 
metallic cable as it is and the packet is multiplexed as it is at the ATU-R (102), outputted as 
OC-3c signals having a POS (Packet Over SONET) interface, or carried to the DSLAM 
apparatus (201) which performs packet based demultiplexing as POS OC-3c signals. They 
are multiplexed with signals from many subscribers (102: ATU-R) at the DSLAM apparatus 
(201) of the packet base and outputted as an OC-3c signals (2101) having a POS Frame of 
155Mb/s. 

For packet signals (2101) which are inputted at the AG (301) as the second embodiment, only 
a packet (see FIG. 2) relating to PPP control processing with a subscriber is outputted to the 
CPU board (308) through a packet switch module (302). The CPU board performs PPP 
processing by exchanging a packet with each ATU-R. The PPP processing (assuming it is 
PPP 1) here means exchange between a CPU board in an AG and an ATU-R and is different 
from the PPP processing between the DSLAM and the AG (assuming it is PPP 2). 
Processing as PPP2 is a protocol which is needed when the DSLAM and the AG are 
connected by a POS interface. PPP link processing and processing sequences themselves are 
as shown in FIG. 9-2. If the DSLAM and the AG are connected by a POS interface, the 
PPP2 is needed and is terminated between POS interface blocks 307 and 206, and 305 and 
204 in FIG. 2. In the blocks, the first PPP Encapsulation in FIG. 1 1 is removed and carried 
to the next block in a packet (having Encapsulation of PPP1). PPP2 sets the maximum 
packet length (Maximum Transfer Unit: MTU size) which is transferred between POS 
interfaces of the AG and the DSLAM, instead of performing the abovementioned 
management, controlling of subscribers (authentication, accounting, service management, 
subscriber-specific band allocation, and the like). For the PPP1, it is performed in the 
similar manner to that in the first embodiment in the AG. Although an MAC address is used 
for identifying a subscriber in the packet based DSLAM in the first embodiment, a subscriber 
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cannot be identified in the second embodiment because the MAC address is not present in the 
second embodiment as shown in FIG. 1 1 . Then, a PPP packet coming from the backbone 
side (in a signal downward direction) through the POS interface (2101/2102) is separated by 
using an IP address assigned to each subscriber (see Filtering Block filtering block 203-1 
(FIG. 5-2), easily obtained as 17th to 20th bytes from the top of the IP packet in the PPP 
packet is viewed) to be demultiplexed for each subscriber (ATU-R), instead of Destination 
MAC address to the ATU-R. The other operation for demultiplexing is the same as that of 
the first embodiment. That is, since a subscriber is distinguished in the DSLAM, it is 
assumed that each port to a subscriber of the DSLAM has any MAC Destination address 
(ADSL/VDSL interface connected to an ATU-R one to one) but uses what previously 
assigned as in the first embodiment. 

In the second embodiment, the manner by which packets having Ethernet frames coming from 
the subscriber side in the signal upward direction are multiplexed is also the same as in the 
first embodiment. That is, a packet signal 1101 which comes from the subscriber side 
through the ADSL/VDSL interface is received at 205, a PHY block. Each packet has an IP 
packet unique to a subscriber, and the Ethernet/802.3 frame is removed at the block 205 and 
multiplexed. As it is outputted from a POS interface from the block 204, the PPP packets 
are subjected to the PPP Encapsulation again to be outputted through the POS interface as 
shown in FIG. 1 1 . 

[Background of the invention] 

Background of a terminating method of a PPP (Point-to-Point protocol) according to the 
present invention and multiplexing of signals from a subscriber to a network (the Internet) 
will be described. As mentioned above ("Characteristic of the invention"), usually, 
termination of a PPP is performed at an entrance of the ISP for transferring an IP packet. 
The PPP termination itself is conventionally addressed by setting a dedicated appliance (see 
FIG. 15). A PPP is a link protocol which must be established at sending out an IP packet in 
connecting to the Internet for the first time, and placed under the IP layer (see FIGS. 9-1 to -3). 
A PPP Frame format in a HDLC form is as show in FIG. 8. In the payload, a Protocol field 
of 32 bits is added to it and then IP packet is inserted as packet data. As the protocol itself 
for establishing a link is not complicated (see FIGS. 9-2, -3) but since a PPP frame which has 
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conventionally been subjected to the PPP Encapsulation at an ATM cell using the AAL5 is 
sent out, processing of SAR of the AAL5 is needed for terminating the PPP at first. The 
SAR function builds an original PPP frame and the CPU performs processing for establishing 
a link. A subscriber can transfer an IP packet to a network (the Internet) after the link is 
established. As such, an apparatus having functions for selecting each subscriber who tries 
to access the Internet and processing the protocol (FIG. 15, 701) has been set at an entrance of 
the backbone network (the Internet). Basically, since an IP packet was mapped to an ATM 
cell and information was communicated, it has been complicated and expensive as the entire 
system for ensuring Qos of a subscriber. The apparatus (FIG. 15, 701) was often set near the 
backbone network (the Internet) to which many subscribers are multiplexed. 

A main object of the present invention is to provide an apparatus having the present function 
nearer to a subscriber, i.e., in an apparatus providing an internet service (FIG. 1, 301) when 
apparatuses having the present function are added on as the subscribers who access the 
Internet increases in order to ensure QoS of each of the individual subscribers and pass 
Ethernet/802.3 packet data from a subscriber through an interface such as a VDSL or an 
ADSL as it is without using an ATM layer so that a simpler apparatus configuration is 
realized without performing segmentation of packet data by the AAL5 and increase of 
subscribers is more flexibly addressed. 

Meaning of PPP terminal processing will be summarized below. 

Management of a subscriber who tries to connect to the Internet, i.e., a terminal point 
of PPP is an entrance to the Internet or a provider (ISP) 
Specifically, 

- Authentication (Aucentication) — > an unregistered subscriber cannot form a Link 
itself and hence can neither transfer data nor receive an IP address, 

- Accounting — > a time being connected, 
Then manage service itself (SMS), and 

- Subscriber-specific band allocation and the minimum delay (ensuring QoS) 

A PPP is a protocol for supporting data transfer of a multi-protocol on a peer-to-peer circuit. 
A frame structure of HDLC-like as a PPP Frame format is shown in FIG. 8. 
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In the processing in a PPP, a Link needs to be established (authentication as a user is 
performed thereafter). As it is shown in FIG. 9-1, a Link is established by an LCP packet 
(distinguished by a value of Protocol Field) and then Configuration is performed for data 
transfer at a higher layer by an NCP packet (Network Control Protocol). Thereafter, user 
packet data is transferred. 

* Reference; EETF Document RFC1 161/1 162/1332/2516, IEEE 802.3 
[Scope of right] 

A packet multiplexing and demultiplexing method from a subscriber (ATU-R) by an MAC 
address in a packet processing based DSLAM in FIG. 1. A packet multiplexing and 
demultiplexing method from a subscriber (ATU-R) by the IP © MAC address conversion in 
the packet processing based DSLAM having a POS interface in the second embodiment in 
FIG. 10; and a further PPP Encapsulation method of a packet which is subjected to PPP 
Encapsulation from a subscriber for inputting and outputting a POS interface. A control 
method such as authentication, accounting, ensuring QoS and the like for a subscriber by the 
PPP packets in an AG. An inner configuration and a specific method as the packet base 
DSLAM and AG. 

[Searching expression in self searching before filing] 

"PPP" + "authentication" + "accounting" + "QoS" + "Packet Over Sonet" + "MAC address" 
+ "multiplexing" + "demultiplexing" + "ADSL" + "VDSL" + "ISP" + DSLAM" + "the 
Internet" + "access gateway" 

[the Patent Laid-Open number, the Patent Publication number or the Patent number supposed 
to relate with the present invention] 

Protocol termination apparatus (Japanese Patent Application No. 2000-252443, NEC 
Corporation, Yoshitaka Fujita) 
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[Document Name] Specification 

[Title of the Invention] Multiplexing Method and 

Apparatus , Demultiplexing 
Method and Apparatus , and 
Access Network System 

[Claim or Claims] 

[Claim 1] A multiplexing method of 
multiplexing communication signals from communication 
signal transmitting sections and transmitting a 
multiplexed signal to a multiplexed signal receiving 
section, comprising the steps of: 

adding, to each of the communication signals, 
an identification address preassigned to a predetermined 
signal identifying section through which a communication 
signal passes in a multiplexing system including the 
communication signal transmitting section and the 
multiplexed signal receiving section and outputting each 
of the communication signals; 

extracting the identification address from 
each output signal; and 

multiplexing the respective communication 
signals on the basis of the extracted identification 
addresses . 

[Claim 2] A method according to claim 1, 
wherein the communication signal is a PPP packet created 
for each Internet subscriber apparatus , and the 
identification address is a MAC address. 

[Claim 3] A demultiplexing method of 
receiving a multiplexed signal obtained by multiplexing 
a plurality of communication signals from a multiplexed 
signal transmitting section, demultiplexing the signal 
into communication signals, and transmitting the 
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demultiplexed communication signal to a communication 
signal receiving section, comprising the steps of: 

adding, to each of the communication signals, 
an identification address preassigned to a predetermined 
signal identifying section through which a communication 
signal passes in a multiplexing system including the 
multiplexed signal transmitting section and the 
communication signal receiving section, and outputting 
each of the communication signals; 

extracting the identification address from the 
output signal; and 

demultiplexing the multiplexed signal for each 
of the communication signals on the basis of the 
extracted identification address. 

[Claim 4] A method according to claim 3, 
wherein the communication signal is a PPP packet created 
for each Internet subscriber apparatus, and the 
identification address is a MAC address. 

[Claim 5] A demultiplexing method of 
demultiplexing a multiplexed signal obtained by 
multiplexing a plurality of packet into packets, 
comprising the steps of: 

extracting an IP address from each packet in 
the received multiplexed signal; and 

demultiplexing the multiplexed signal into PPP 
packets on the basis of the extracted IP addresses. 

[Claim 6] A multiplexing apparatus which 
is connected to communication paths of communication 
signal transmitting sections, multiplexes communication 
signals from the communication paths, and transmits a 
multiplexed signal to a multiplexed signal receiving 
section through a multiplex communication path. 
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comprising: 

address extracting means for extracting an 
identification address, for each communication signal, 
which is added to the communication signal received from 
each of the communication paths and preassigned to a 
predetermined signal identifying section through which 
the communication signal passes in a multiplexing system 
including the communication signal transmitting section 
and the multiplexed signal receiving section; and 

multiplexing means for multiplexing the 
communication signals received from the respective 
communication paths on the basis of the identification 
addresses set for the respective communication signals 
extracted by said address extracting means. 

[Claim 7] An apparatus according to 
claim 6, wherein the communication signal is a PPP 
packet created for each Internet subscriber apparatus , 
and the identification address is a MAC address. 

[Claim 8] A demultiplexing apparatus 
which is connected to a multiplexed signal transmitting 
section through a multiplex communication path, 
demultiplexes a multiplexed signal received from the 
multiplex communication path, and transmits 
demultiplexed communication signals to a communication 
signal receiving section through communication paths for 
the respective communication signals , comprising: 

address extracting means, connected to the 
multiplex communication path, for extracting an 
identification address, for each of the communication 
signals, which is added to each of the communication 
signals in the multiplexed signal received from the 
multiplex communication path and preassigned to a 



predetermined signal identifying section through which a 
communication signal passes in a demultiplexing section 
including said multiplexed signal transmitting section 
and said communication signal receiving section; and 

demultiplexing means for demultiplexing the 
multiplexed signal into the respective communication 
signals on the basis of the identification addresses of 
the respective communication signals which are extracted 
by said address extracting means. 

[Claim 9] An apparatus according to 
claim 8, wherein the communication signal is a PPP 
packet created for each Internet subscriber apparatus, 
and the identification address is a MAC address. 

[Claim 10] A demultiplexing apparatus 
which is connected to a multiplex communication path 
through which a multiplexed signal obtained by 
multiplexing packets addressed to subscriber apparatuses 
is transmitted, demultiplexes the multiplexed signal 
received from the multiplex communication path, and 
outputs each demultiplexed communication signal, 
comprising: 

address extracting means, connected to the 
multiplex communication path, for extracting an IP 
address of each packet in the multiplexed signal 
received from the multiplex communication path; and 

demultiplexing means for demultiplexing the 
multiplexed signal into the respective packets on the 
basis of the IP addresses of the respective packets 
extracted by said address extracting means . 

[Claim 11] An access network system 

comprising: 

a plurality of subscriber apparatuses which 
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transmit /receive one of a signal having a MAC address 
added to a packet and a signal having no MAC address 
added to a packet; 

a subscriber multiplexing/demultiplexing 
apparatus which multiplexes packets in signals 
transmitted from said respective subscriber apparatuses 
on the basis of MAC addresses added to the packets or IP 
addresses of the packets, and demultiplexes an input 
multiplexed signal into packets on the basis of one of a 
MAC address added to each packet and an IP address of 
each packet; and 

a protocol termination apparatus which 
includes a first interface block which interfaces with a 
backbone network, second and third interface blocks 
which interface a multiplexed signal with said 
subscriber multiplexing/demultiplexing apparatus , 
switching means, and PPP processing means, 

wherein when a packet in a multiplexed signal 
received from said subscriber 

multiplexing/demultiplexing apparatus through said 
second interface block is a data packet, said protocol 
termination apparatus causes said switching means to 
switch to transfer the data packet to said first 
interface block on the basis of one of a MAC address 
added to the data packet and an IP address of the packet, 
and transmits the packet to a backbone network upon 
converting the packet into a POS signal by using said 
first interface block, and 

when a packet in a multiplexed signal received 
from said subscriber multiplexing/demultiplexing 
apparatus through said second interface block is a 
control packet, said protocol termination apparatus 
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causes said switching means to switch to transfer the 
control packet to said PPP processing means on the basis 
of one of a MAC address added to the control packet and 
an IP address of the packet, and causes said PPP 
processing means to transmit the received control packet 
through said third interface block and perform PPP 
processing with said subscriber apparatus through said 
subscriber multiplexing/demultiplexing apparatus. 

[Claim 12] A system according to claim 
11, wherein the packet is one of an Ethernet frame 
packet and an IEEE 802.3 frame packet, the data packet 
is one of a PPP data packet in the Ethernet frame packet 
and a PPP data packet in the IEEE 802.3 frame, and the 
control packet is one of a PPP control packet in the 
Ethernet packet and a PPP control packet in the IEEE 
802.3 frame. 

[Claim 13] A system according to claim 
11, wherein the packet is one of a PPP packet in an 
Ethernet frame packet and a PPP packet in an IEEE 802.3 
frame packet, the data packet is one of a PPP data 
packet in the Ethernet frame packet and a PPP data 
packet in the IEEE 802.3 frame, and the control packet 
is one of a PPP control packet in the Ethernet packet 
and a PPP control packet in the IEEE 802.3 frame. 

[Claim 14] An access network system 

comprising: 

a plurality of subscriber apparatuses which 
transmit /receive one of a signal having a MAC address 
added to a packet and a signal having no MAC address 
added to a packet; 

a subscriber multiplexing/demultiplexing 
apparatus which multiplexes packets in signals 
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transmitted from said respective subscriber apparatuses 
on the basis of MAC addresses added to the packets or IP 
addresses of the packets so as to output a multiplexed 
signal as a POS signal, and demultiplexes an input POS 
signal into packets oh the* basis of IP addresses of the 
packets; 

an interface which is connected to said 
subscriber multiplexing/demultiplexing apparatus and 
transmits a POS signal; and 

a protocol termination apparatus which 
includes a first interface block for interfacing with a 
backbone network, second and third interface blocks 
connected to said interface to interface a multiplexed 
signal with said subscriber multiplexing/demultiplexing 
apparatus, switching means, and PPP processing means, 

wherein when a packet in a multiplexed signal 
received from said subscriber 

multiplexing/demultiplexing apparatus through said 
second interface block is a data packet, said protocol 
termination apparatus causes said switching means to 
switch so as to transfer the data packet to said first 
interface block on the basis of an IP address of the 
data packet , and transmits the packet to the backbone 
network upon converting the packet into a POS signal by 
using said first interface block, 

when a packet in a POS signal received from 
said subscriber multiplexing/demultiplexing apparatus 
through said second interface block is a control packet, 
said protocol termination apparatus causes said 
switching means to switch so as to transfer the control 
packet to said PPP processing means on the basis of an 
IP address of the control packet, and causes said PPP 
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processing means to transmit the received control packet 
through said third interface block and perform first PPP 
processing as PPP processing between said subscriber 
apparatuses through said subscriber 
multiplexing/demultiplexing apparatus, and 

said protocol termination apparatus transmits 
a control packet through said second interface block to 
perform second PPP processing as PPP processing between 
said protocol termination apparatus and said subscriber 
multiplexing/demultiplexing apparatus . 

[Claim 15] A system according to claim 
14, wherein the packet processed by said subscriber 
apparatus and the packets multiplexed by said subscriber 
multiplexing/demultiplexing apparatus are Ethernet frame 
packets or IEEE 802.3 frame packets, and the packets 
demultiplexed by said subscriber 

multiplexing/demultiplexing apparatus and the packet 
processed by said protocol termination apparatus are PPP 
packets in PPP packet in PPP packets in an SDH/SONET 
frame transmitted over a POS signal. 

[Claim 16] A system according to claim 
14, wherein each of the packet processed by said 
subscriber apparatus and the packets multiplexed by said 
subscriber multiplexing/demultiplexing apparatus is a 
packet selected from the group consisting of an Ethernet 
packet, an IEEE 802.3 packet, and a PPP packet in the 
packet, and Ethernet frame packets or IEEE 802.3 frame 
packets, the packets demultiplexed by said subscriber 
multiplexing/demultiplexing apparatus and the packet 
processed by said protocol termination apparatus are PPP 
packets in PPP packet in PPP packets in an SDH/ SONET 
frame transmitted over a POS signal. 
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[Claim 17] A multiplexing/demultiplexing 
apparatus which is connected to each communication 
signal transmitting section, multiplexes communication 
signals received from said communication signal 
transmitting sections; transmits a multiplexed signal to 
a multiplexed signal receiving section, demultiplexes a 
multiplexed signal received from said multiplexed signal 
transmitting section, and transmits demultiplexed 
communication signals to a communication signal 
receiving section, comprising: 

first address extracting means for extracting 
an identification address, for each of the communication 
signals, which is added to a communication signal 
received from each of said communication signal 
transmitting sections and preassigned to a predetermined 
signal identifying section through which the 
communication signal passes in a multiplexing system 
including said communication signal transmitting section 
and said multiplexed signal receiving section; 

multiplexing means for multiplexing the 
received communication signals on the basis of the 
identification address of each of the communication 
signals which is extracted by said first address 
extracting means, and transmitting the multiplexed 
signal to said multiplexed signal receiving section; 

second address extracting means for extracting 
an identification address, for each of the communication 
signals, which is added to each of the communication 
signals in the multiplexed signal received from said 
multiplexed signal transmitting section and preassigned 
to a predetermined signal identifying section through 
which a communication signal passes in a demultiplexing 
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system including said multiplexed signal transmitting 
section and said communication signal receiving section; 
and 

demultiplexing means for demultiplexing the 
multiplexed signal into the respective communication 
signals on the basis of the identification addresses of 
the respective communication signals which are extracted 
by said second address extracting means, and 
transmitting demultiplexed communication signals to said 
communication signal receiving section. 

[Claim 18] An apparatus according to 
claim 17, wherein the communication signal is one of an 
Ethernet frame packet and an IEEE 802.3 frame packet, 
and the identification address supplied from said first 
address extracting means to said multiplex means is a 
MAC address. 

[Claim 19] An apparatus according to 
claim 17, wherein the communication signal is a PPP 
packet in an Ethernet frame packet or an IEEE 802.3 
frame packet, and the identification address supplied 
from said first address extracting means to said 
multiplex means is a MAC address. 

[Claim 20] A multiplexing/demultiplexing 
apparatus including first receiving means provided for 
each subscriber apparatus and connected to a first 
communication path through which a packet output from 
said subscriber apparatus is transmitted, first 
transmitting means for transmitting a multiplexed signal 
to a first multiplex communication path, second 
receiving means connected to a second multiplex 
communication path through which a POS signal obtained 
by multiplexing packets addressed to said respective 
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subscriber apparatuses is transmitted, and second 
transmitting means for transmitting each demultiplexed 
packet to a corresponding second communication path, 
comprising : 

first address extracting means, connected to 
said first receiving means, for extracting a MAC address 
of each of the packets which is added to a packet 
received by said first receiving means; 

multiplexing means for multiplexing the 
packets received by said respective first receiving 
means on the basis of the MAC addresses of the 
respective packets which are extracted by said first 
address extracting means, and outputting the packet; 

second address extracting means, connected to 
said second receiving means, for extracting IP addresses 
of the respective packets from the packets in the POS 
signal received through said second receiving means; and 

demultiplexing means for demultiplexing each 
packet in the POS signal into the packets for said 
respective subscriber apparatuses on the basis of the IP 
addresses of the respective packets which are extracted 
by said second address extracting means, and outputting 
the packets to said second transmitting means, 

[Claim 21] An apparatus according to 
claim 20, wherein the packet is one of an Ethernet frame 
packet and an IEEE 802.3 frame packet. 

[Claim 22] An apparatus according to 
claim 20, wherein the packet is one of a PPP packet in 
an Ethernet frame packet and a PPP packet in an IEEE 
802.3 frame packet. 

[Claim 23] A protocol termination 
apparatus including a first interface block which 
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converts a data packet into a POS signal and transmits 
the signal to a backbone network, a second interface 
block which is connected to a subscriber 
multiplexing/demultiplexing apparatus to which a 
subscriber apparatus is connected, and receives a 
transmitted multiplexed signal obtained by causing said 
subscriber multiplexing/demultiplexing apparatus to 
multiplexed signals which serve to transmit packets 
created for the respective subscriber apparatuses and 
are received from the subscriber apparatuses, and a 
third interface block connected to said subscriber 
multiplexing/demultiplexing apparatus , comprising: 

said second interface block which extracts the 
packet and the MAC address added to the packet or an IP 
address of the packet from the multiplexed signal; 

PPP processing means which is connected to 
said subscriber multiplexing/demultiplexing apparatus 
through said third interface block and performs PPP 
processing between the subscriber apparatuses through 
said subscriber multiplexing/demultiplexing apparatus; 
and 

switching means for, when a packet extracted 
by said second interface block is a data packet, 
transferring the data packet to said first interface 
block on the basis of the MAC address or the IP address 
of the packet which is extracted by said second 
interface block, and when a packet extracted by said 
second interface block is a control packet, transferring 
the control packet to said PPP processing means on the 
basis of one of the MAC address and the IP address of 
the packet which are extracted by said second interface 
block. 
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[Claim 24] An apparatus according to 
claim 23, wherein the packet is one of an Ethernet frame 
packet and an IEEE 802.3 frame packet. 

[Claim 25] An apparatus according to 
claim 23 , wherein the 'packet is one of a PPP packet in 
an Ethernet frame packet and a PPP packet in an IEEE 
802.3 frame packet. 

[Claim 26] A protocol termination 
apparatus including a first interface block which 
converts a packet into a POS signal and transmits the 
signal to a backbone network, a second interface block 
which is connected, through an interface, to a 
subscriber multiplexing/demultiplexing apparatus to 
which a subscriber apparatus is connected, and receives 
a transmitted multiplexed signal obtained by causing 
said subscriber multiplexing/demultiplexing apparatus, 
which has received signals, from the respective 
subscriber apparatuses, which are used to transmit 
packets created by the respective subscriber apparatuses, 
to multiplex the packets, and a third interface block 
connected to said subscriber multiplexing/demultiplexing 
apparatus, said interface being a interface which 
transmits a POS signal, comprising: 

said second interface block which extracts a 
packet in the POS signal and an IP address of the 
packet ; 

PPP processing means, connected to said 
subscriber multiplexing/demultiplexing apparatus through 
said third interface block, for transmitting a control 
packet through said third interface block to perform 
first PPP processing as PPP processing between the 
subscriber apparatuses through said subscriber 
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1 are attached following page 3 of this paper. 



SUBMISSION OF VERIFIED ENGLISH TRANSLATION 
OF PRIORITY DOCUMENT 
AND 

DECLARATION UNDER 37 C.F.R. S 1.131 



INTRODUCTORY COMMENTS 



Serial No. 10/050,600 2 

Docket No. No. P14979-A 

(YAM.046) 

REMARKS 

Claims 1-27 are all the claims presently pending in the application. 

Applicant gratefully acknowledges that claims 11-16 and 23-27 are allowed . 

Claims 1, 3, 5, 6, 8, 10, and 17-20 stand rejected under 35 U.S.C. § 102(e) as 
being anticipated by Mesh (U.S. Publication No. 2002/0085591 Al). Claims 2, 4, 7, 9, 
18, 19, 21, and 22 stand rejected under 35 U.S.C. §103(a) as being unpatentable over 
Mesh in view of Baum (U.S. Patent No. 6,904,054). 

Applicant reiterates that the Mesh reference can be removed as prior art by 
perfecting the claim to foreign priority and filing a Declaration under 37 C.F.R. § 1.131 
showing invention of the subject matter of the present application prior to the filing date 
of the Mesh reference. 

The Mesh reference was filed in the U.S. on January 3, 2001, prior to the present 
application's filing date, and published as a U.S. Patent Application Publication on July 
4, 2002, after the present application's filing date. Thus, Mesh is available as prior art 
only under 35 U.S.C. § 102(e) as of its U.S. filing date of January 3, 2001. 

Therefore, the Mesh reference can be removed as prior art by perfecting 
Applicant's claim to foreign priority based on JP 2001-012997, which was filed on 
January 22, 2001, and filing a declaration under 37 C.F.R. § 1.131 which swears behind 
the January 3, 2001 filing date of the Mesh reference, by establishing invention of the 
subject matter of the present application before the January 3, 2001 filing date of Mesh. 

An executed Declaration under 37 C.F.R. § 1.131 and corresponding Exhibits 1 -4 
(and English translations thereof) are submitted concurrently herewith in the attached 
Appendix. 
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A verified English translation of the foreign priority document also is submitted 
concurrently herewith in the attached Appendix, thereby perfecting Applicant's claim to 
foreign priority. 

For the foregoing reasons, the Mesh reference should be removed as prior art and 
the Examiner is requested to withdraw these rejections and to permit claims 1-10 and 17- 
22 to pass to immediate allowance. 

CONCLUSION 

In view of the foregoing, Applicant submits that claims 1-27, all the claims 
presently pending in the application, are patentably distinct over the prior art of record 
and are in condition for allowance . The Examiner is respectfully requested to pass the 
above application to issue at the earliest possible time. 

Should the Examiner find the application to be other than in condition for 
allowance, the Examiner is requested to contact the undersigned at the local telephone 
number listed below to discuss any other changes deemed necessary in a telephonic or 
personal interview. 

The Commissioner is hereby authorized to charge any deficiency in fees or to 

credit any overpayment in fees to Attorney's Deposit Account No. 50-0481. 

Respectfully Submitted, 

Date: /ju^f (L *~° oQ > J0s V £ 

Jo^ Es2f> 
Registration No. 46,672 
Sean M. McGinn, Esq. 
Registration No. 34,386 

MCGINN INTELLECTUAL PROPERTY 
LAW GROUP, PLLC 

8321 Old Courthouse Road, Suite 200 
Vienna, Virginia 22182-3817 
(703) 761-4100 
Customer No. 21254 



multiplexing/demultiplexing apparatus, and transmitting 
the control packet through said third interface block to 
perform second PPP processing as PPP processing with 
said subscriber multiplexing/demultiplexing apparatus; 
and 

switching means for, when a packet extracted 
by said second interface block is a data packet, 
transferring the data packet to said first interface 
block on the basis of the IP address extracted by said 
second interface block, and when a packet extracted by 
said second interface block is a control packet, 
transferring the control packet to said PPP processing 
means on the basis of the IP address extracted by said 
second interface block. 

[Claim 27] An apparatus according to 
claim 26, wherein the packet is a PPP packet in a PPP 
packet in PPP packet in an SDH/ SONET frame transmitted 
over an POS signal. 

[Detailed Description of the Invention] 

[0001] 

The present invention relates to a 
multiplexing method and apparatus , demultiplexing method 
and apparatus, access network system, subscriber 
multiplexing/demultiplexing apparatus, and protocol 
termination apparatus, which multiplex PPP packets on 
the basis of MAC addresses and the like, demultiplex the 
packets on the basis of IP addresses, and simplify an 
arrangement required for PPP processing by using these 
multiplexing and demultiplexing processes . 

[0002] 

[Background Art] 

Conventionally, in the Internet, prior to data 
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communication upon forming a communication path between 
two terminals connected to the Internet, the terminals 
must be connected to a backbone network through an 
access network. For this connection, the Point- to-Point 
Protocol (PPP) is used. 

[0003] 

An outline of PPP in an access network will be 
described first. 

In connection to the Internet, each subscriber 
must terminate PPP for transferring an IP (Internet 
Protocol) packet in response to an Internet access 
request. PPP serves to perform authentication, 
accounting, service management system (SMS) operation, 
subscriber- specif ic band allocation, and the like. Any 
subscriber who is not authenticated/registered cannot 
form a link itself, and hence can neither transfer data 
nor receive an IP address itself. Accounting 
corresponds to a connection time. 

[0004] 

PPP is also used in an Internet backbone 
network. Unlike PPP used in the access network, this 
PPP serves to, for example, determine a maximum packet 
length: MTU (Maximum Transfer Unit) size of packets to 
be exchanged between the backbone network and the access 
network. 

In order to transmit IP data to the backbone 
network through the access network connected to the 
backbone network, PPP termination must be performed in 
each access network. Conventionally, PPP termination is 
performed at an entrance to an ISP (Internet Service 
Provider) . PPP termination itself has been handled in 
the conventional access network systems by installing 
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dedicated units (Fig. 19), 

[0005] 

The conventional access network system shown 
in Fig, 19 is comprised of an ATU (Address 
Transformation Unit)-R 201 \ DSLAM (Digital Subscriber 
Line Access Multiplexer) 30m , ATM SW (Asynchronous 
Transfer Mode Switch) 40n, and PPP termination apparatus 
501. A PC (Personal Computer) 10k is connected to the 
ATU-R 201. Note that 1 of 201 suffixed to ATU-R 
indicates that there are 1 to P ATU-Rs, m of 30m 
suffixed to DSLAM indicates that there are 1 to Q DSLAMs, 
and n of 4 On suffixed to ATM SW indicates that there are 
1 to R ATM SWs . Reference numeral 4101 denotes an ADSL 
(Asynchronous Digital Subscriber Line) /VDSL (Very high 
speed Digital Subscriber Line); 5101, an ATM OC-3c 
interface; and 6101, an ATM OC-12c interface. 

[0006] 

PPP is a protocol for supporting data transfer 
using a multiprotocol through a communication path 
between the ATU-R 201 and PPP termination apparatus 501 
of the access network system. When PPP processing 
starts, an LCP (Link Control Protocol) packet of the PPP 
control packets shown in Fig. 22 is transmitted as a PPP 
packet transmitted from the ATU-R 201 to the PPP 
termination apparatus 501. Whether a given packet is an 
LCP packet is determined depending on whether the value 
in the protocol field in the PPP packet is c021. A link 
is established on the basis of this LCP packet . A user 
is authenticated concerning the established link. 

[0007] 

An NCP (Network Control Protocol) packet is 
then transmitted, and IP address distribution processing 
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and the like for data transfer to an upper layer are 
performed on the basis of this NCP packet* Whether a 
given packet is an NCP packet is determined depending on 
whether the value in the protocol field in the PPP 
packet is 8021. 

Transfer of an IP packet in which user packet 
data is inserted is started on the basis of the IP 
address distributed to the established and authenticated 
link afterward. The above description is based on the 
IETF (Internet Engineering Task Force) Documents RFC 
1161/1162/1332, 

[0008] 

As a frame format used for PPP processing, an 
HDLC (High Data Link Control Procedure) frame 
configuration is used. A 32 -bit protocol field is added 
first to the payload of this frame configuration, and 
then an IP packet is inserted as packet data in the 
configuration, thereby forming an overall PPP packet. 

[0009] 

The above link establishment processing will 
be described in detail to some extent. 

A link protocol for performing link 
establishment processing before transmission of an IP 
packet is subordinate to the IP layer (Fig. 20). 

As shown in Fig. 22, in link establishment 
processing, when an Internet access request is generated, 
control on the link unusing phase advances to the link 
establishment phase and moves to the authentication 
phase. The processing so far corresponds to LCP setting 
in Fig. 23. 

When the processing in the authentication 
phase is properly performed, control is transferred to 
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the NCP phase to perform the above IP address 
distribution processing and the like. With this 
operation, a link is established. This processing 
corresponds to NCP setting in Fig. 23. 

[0010] * 

After this link establishment processing, 
transfer of the above IP packet is started. The IP 
packet is contained in a PPP packet , and the resultant 
PPP packet is transmitted. With this operation, the IP 
packet is transmitted. Whether the PPP packet is a PPP 
data packet is determined depending on whether the value 
in the protocol field is 0021. 

[0011] 

As described above, in both link establishment 
and IP packet transmission, each PPP packet to be 
transmitted is created upon addition of a PPP header 
thereto on the PPP layer of the ATU-R 201. In addition, 
this packet is formed into an ATM cell on the AAL5 (ATM 
Adaptation Layer Type 5) layer and transmitted to the 
DSLAM 30m through the PHY layer (Fig. 20). 

[0012] 

The DSLAM 30m which receives the ATM cell also 
performs predetermined processing, on the ATML5 layer, 
for the ATM cell input through the PHY layer. Similar 
processing is performed in the ATM SW 40n and PPP 
termination apparatus 501 (Fig. 20). 

[0013] 

If, therefore, an overall access network 
system is formed by using the AAL5 layer (Fig. 20), 
since the PPP frame whose ATM cell has been subjected 
frame header addition processing (PPP Encapsulation) is 
transmitted, SAR (Segmentation and Reassembly Sublayer) 
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on the AAL5 layer must be performed first to terminate 
PPP. With this SAR processing, an original PPP frame is 
reassembled or processing for link establishment is 
performed by the CPU of the PPP termination apparatus 
501. After link establishment, the subscriber can 
transfer the IP packet to a backbone network 601. 

[0014] 

[Problem to be Solved by the Invention] 

The following problems, however, arise in the 
prior art described above. 

In the prior art, as described above, an 
apparatus (the PPP termination apparatus 501 in Fig. 19) 
which discriminates each subscriber who tries to access 
the Internet and has a function for ATM processing must 
be installed at an entrance to the backbone network 601. 
Such an apparatus must be added every time the number of 
subscribers increases. In addition, the PPP termination 
apparatus 501 is often installed near the backbone 
network 601 to which packets from many subscribers are 
sent upon multiplexing. 

According to the access network system like 
the one shown in Fig. 19, since the overall access 
network system is formed by using the AAL5 layer, the 
overall system inevitably becomes complicated. 

[0015] 

As the number of subscribers who access the 
Internet increases, an apparatus for performing PPP 
processing as processing indispensable to connection of 
the subscribers to the backbone network of the Internet 
must be added. Such an apparatus may be installed in a 
place as near to the subscribers as possible, i.e., in 
an apparatus for providing Internet services (e.g., the 



- 19 - 



ATM SW 40n in Fig. 19). In this case, it is required to 
avoid complication of PPP, complication of its system, 
complication of a management system for the system, and 
the like . 

[0016] 

The present invention has been made in 
consideration of the above situation, and has as its 
object to provide a multiplexing method and apparatus, 
demultiplexing method and apparatus , access network 
system, subscriber multiplexing/demultiplexing apparatus, 
and protocol termination apparatus which can multiplex 
PPP packets on the basis of MAC addresses and the like, 
demultiplex the packets on the basis of MAC or IP 
addresses, and simplify an arrangement for PPP 
processing by using these multiplexing and 
demultiplexing processes. 

[0017] 

[Means of Solution to the Problem] 
In order to achieve the above object, 
according to the present invention, there is provided a 
multiplexing method of multiplexing communication 
signals from communication signal transmitting sections 
and transmitting a multiplexed signal to a multiplexed 
signal receiving section, comprising the steps of adding, 
to each of the communication signals, an identification 
address preassigned to a predetermined signal 
identifying section through which a communication signal 
passes in a multiplexing system including the 
communication signal transmitting section and the 
multiplexed signal receiving section and outputting each 
of the communication signals, extracting the 
identification address from each output signal, and 
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multiplexing the respective communication signals on the 
basis of the extracted identification addresses. 

[0018] 

According to the invention of claim 2 , in the 
multiplexing method of claim 1, the communication signal 
is a PPP packet created for each Internet subscriber 
apparatus, and the identification address is a MAC 
address . 

[0019] 

According to the invention of claim 3, a 
demultiplexing method of receiving a multiplexed signal 
obtained by multiplexing a plurality of communication 
signals from a multiplexed signal transmitting section, 
demultiplexing the signal into communication signals, 
and transmitting the demultiplexed communication signal 
to a communication signal receiving section, comprising 
the steps of adding, to each of the communication 
signals, an identification address preassigned to a 
predetermined signal identifying section through which a 
communication signal passes in a multiplexing system 
including the multiplexed signal transmitting section 
and the communication signal receiving section, and 
outputting each of the communication signals, extracting 
the identification address from the output signal, and 
demultiplexing the multiplexed signal for each of the 
communication signals on the basis of the extracted 
identification address . 

[0020] 

According to the invention of claim 4 , in the 
multiplexing method of claim 3, the communication signal 
is a PPP packet created for each Internet subscriber 
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apparatus, and the identification address is a MAC 
address . 

[0021] 

According to the invention of claim 5 , a 
demultiplexing method of demultiplexing a multiplexed 
signal obtained by multiplexing a plurality of packet 
into packets, comprising the steps of extracting an IP 
address from each packet in the received multiplexed 
signal, and demultiplexing the multiplexed signal into 
PPP packets on the basis of the extracted IP addresses. 

[0022] 

According to the invention of claim 6 , a 
multiplexing apparatus which is connected to 
communication paths of communication signal transmitting 
sections, multiplexes communication signals from the 
communication paths, and transmits a multiplexed signal 
to a multiplexed signal receiving section through a 
multiplex communication path, comprising address 
extracting means for extracting an identification 
address, for each communication signal, which is added 
to the communication signal received from each of the 
communication paths and preassigned to a predetermined 
signal identifying section through which the 
communication signal passes in a multiplexing system 
including the communication signal transmitting section 
and the multiplexed signal receiving section, and 
multiplexing means for multiplexing the communication 
signals received from the respective communication paths 
on the basis of the identification addresses set for the 
respective communication signals extracted by said 
address extracting means, 

[0023] 
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According to the invention of claim 7, in the 
multiplexing apparatus of claim 6, the communication 
signal is a PPP packet created for each Internet 
subscriber apparatus, and the identification address is 
a MAC address. 

[0024] 

According to the invention of claim 8, a 
demultiplexing apparatus which is connected to a 
multiplexed signal transmitting section through a 
multiplex communication path, demultiplexes a 
multiplexed signal received from the multiplex 
communication path, and transmits demultiplexed 
communication signals to a communication signal 
receiving section through communication paths for the 
respective communication signals, comprising address 
extracting means, connected to the multiplex 
communication path, for extracting an identification 
address, for each of the communication signals, which is 
added to each of the communication signals in the 
multiplexed signal received from the multiplex 
communication path and preassigned to a predetermined 
signal identifying section through which a communication 
signal passes in a demultiplexing section including said 
multiplexed signal transmitting section and said 
communication signal receiving section, and 
demultiplexing means for demultiplexing the multiplexed 
signal into the respective communication signals on the 
basis of the identification addresses of the respective 
communication signals which are extracted by said 
address extracting means, 

[0025] 

According to the invention of claim 9 , in the 
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multiplexing apparatus of claim 8, the communication 
signal is a PPP packet created for each Internet 
subscriber apparatus, and the identification address is 
a MAC address. 

[0026] 

According to the invention of claim 10, a 
demultiplexing apparatus which is connected to a 
multiplex communication path through which a multiplexed 
signal obtained by multiplexing packets addressed to 
subscriber apparatuses is transmitted, demultiplexes the 
multiplexed signal received from the multiplex 
communication path, and outputs each demultiplexed 
communication signal, comprising address extracting 
means, connected to the multiplex communication path, 
for extracting an IP address of each packet in the 
multiplexed signal received from the multiplex 
communication path, and demultiplexing means for 
demultiplexing the multiplexed signal into the 
respective packets on the basis of the IP addresses of 
the respective packets extracted by said address 
extracting means . 

[0027] 

According to the invention of claim 11, an 
access network system comprising a plurality of 
subscriber apparatuses which transmit /receive one of a 
signal having a MAC address added to a packet and a 
signal having no MAC address added to a packet, a 
subscriber multiplexing/demultiplexing apparatus which 
multiplexes packets in signals transmitted from said 
respective subscriber apparatuses on the basis of MAC 
addresses added to the packets or IP addresses of the 
packets, and demultiplexes an input multiplexed signal 
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into packets on the basis of one of a MAC address added 
to each packet and an IP address of each packet, and a 
protocol termination apparatus which includes a first 
interface block which interfaces with a backbone network, 
second and third interface blocks which interface a 
multiplexed signal with said subscriber 

multiplexing/demultiplexing apparatus, switching means, 
and PPP processing means, wherein when a packet in a 
multiplexed signal received from said subscriber 
multiplexing/demultiplexing apparatus through said 
second interface block is a data packet, said protocol 
termination apparatus causes said switching means to 
switch to transfer the data packet to said first 
interface block on the basis of one of a MAC address 
added to the data packet and an IP address of the packet, 
and transmits the packet to a backbone network upon 
converting the packet into a POS signal by using said 
first interface block, and when a packet in a 
multiplexed signal received from said subscriber 
multiplexing/demultiplexing apparatus through said 
second interface block is a control packet, said 
protocol termination apparatus causes said switching 
means to switch to transfer the control packet to said 
PPP processing means on the basis of one of a MAC 
address added to the control packet and an IP address of 
the packet, and causes said PPP processing means to 
transmit the received control packet through said third 
interface block and perform PPP processing with said 
subscriber apparatus through said subscriber 
multiplexing/demultiplexing apparatus . 

[0028] 

According to the invention of claim 12, in the 
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access network system of claim 11 , the packet is one of 
an Ethernet frame packet and an IEEE 802.3 frame packet, 
the data packet is one of a PPP data packet in the 
Ethernet frame packet and a PPP data packet in the IEEE 
802.3 frame, and the control packet is one of a PPP 
control packet in the Ethernet packet and a PPP control 
packet in the IEEE 802.3 frame. 

[0029] 

According to the invention of claim 13, in the 
access network system of claim 11, the packet is one of 
a PPP packet in an Ethernet frame packet and a PPP 
packet in an IEEE 802.3 frame packet, the data packet is 
one of a PPP data packet in the Ethernet frame packet 
and a PPP data packet in the IEEE 802.3 frame, and the 
control packet is one of a PPP control packet in the 
Ethernet packet and a PPP control packet in the IEEE 
802.3 frame. 

[0030] 

According to the invention of claim 14, an 
access network system comprising a plurality of 
subscriber apparatuses which transmit /receive one of a 
signal having a MAC address added to a packet and a 
signal having no MAC address added to a packet, a 
subscriber multiplexing/demultiplexing apparatus which 
multiplexes packets in signals transmitted from said 
respective subscriber apparatuses on the basis of MAC 
addresses added to the packets or IP addresses of the 
packets so as to output a multiplexed signal as a POS 
signal, and demultiplexes an input POS signal into 
packets on the basis of IP addresses of the packets, an 
interface which is connected to said subscriber 
multiplexing/demultiplexing apparatus and transmits a 
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POS signal, and a protocol termination apparatus which 

includes a first interface block for interfacing with a 

backbone network, second and third interface blocks 

connected to said interface to interface a multiplexed 

» * 

signal with said subscriber multiplexing/demultiplexing 
apparatus, switching means, and PPP processing means, 
wherein when a packet in a multiplexed signal received 
from said subscriber multiplexing/demultiplexing 
apparatus through said second interface block is a data 
packet, said protocol termination apparatus causes said 
switching means to switch so as to transfer the data 
packet to said first interface block on the basis of an 
IP address of the data packet, and transmits the packet 
to the backbone network upon converting the packet into 
a POS signal by using said first interface block, when a 
packet in a POS signal received from said subscriber 
multiplexing/demultiplexing apparatus through said 
second interface block is a control packet, said 
protocol termination apparatus causes said switching 
means to switch so as to transfer the control packet to 
said PPP processing means on the basis of an IP address 
of the control packet, and causes said PPP processing 
means to transmit the received control packet through 
said third interface block and perform first PPP 
processing as PPP processing between said subscriber 
apparatuses through said subscriber 

multiplexing/demultiplexing apparatus, and said protocol 
termination apparatus transmits a control packet through 
said second interface block to perform second PPP 
processing as PPP processing between said protocol 
termination apparatus and said subscriber 
multiplexing/demultiplexing apparatus . 
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[0031] 

According to the invention of claim 15, in the 
access network system of claim 14, the packet processed 
by said subscriber apparatus and the packets multiplexed 
by said subscriber multiplexing/demultiplexing apparatus 
are Ethernet frame packets or IEEE 802.3 frame packets, 
and the packets demultiplexed by said subscriber 
multiplexing/demultiplexing apparatus and the packet 
processed by said protocol termination apparatus are PPP 
packets in PPP packet in PPP packets in an SDH/SONET 
frame transmitted over a POS signal. 

[0032] 

According to the invention of claim 16, in the 
access network system of claim 14, each of the packet 
processed by said subscriber apparatus and the packets 
multiplexed by said subscriber 

multiplexing/demultiplexing apparatus is a packet 
selected from the group consisting of an Ethernet packet, 
an IEEE 802.3 packet, and a PPP packet in the packet, 
and Ethernet frame packets or IEEE 802.3 frame packets, 
the packets demultiplexed by said subscriber 
multiplexing/demultiplexing apparatus and the packet 
processed by said protocol termination apparatus are PPP 
packets in PPP packet in PPP packets in an SDH/ SONET 
frame transmitted over a POS signal. 

[0033] 

According to the invention of claim 17, a 
multiplexing/demultiplexing apparatus which is connected 
to each communication signal transmitting section, 
multiplexes communication signals received from said 
communication signal transmitting sections, transmits a 
multiplexed signal to a multiplexed signal receiving 
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section, demultiplexes a multiplexed signal received 
from said multiplexed signal transmitting section, and 
transmits demultiplexed communication signals to a 
communication signal receiving section, comprising first 
address extracting means for extracting an 
identification address, for each of the communication 
signals , which is added to a communication signal 
received from each of said communication signal 
transmitting sections and preassigned to a predetermined 
signal identifying section through which the 
communication signal passes in a multiplexing system 
including said communication signal transmitting section 
and said multiplexed signal receiving section, 
multiplexing means for multiplexing the received 
communication signals on the basis of the identification 
address of each of the communication signals which is 
extracted by said first address extracting means, and 
transmitting the multiplexed signal to said multiplexed 
signal receiving section, second address extracting 
means for extracting an identification address, for each 
of the communication signals, which is added to each of 
the communication signals in the multiplexed signal 
received from said multiplexed signal transmitting 
section and preassigned to a predetermined signal 
identifying section through which a communication signal 
passes in a demultiplexing system including said 
multiplexed signal transmitting section and said 
communication signal receiving section, and 
demultiplexing means for demultiplexing the multiplexed 
signal into the respective communication signals on the 
basis of the identification addresses of the respective 
communication signals which are extracted by said second 
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address extracting means, and transmitting demultiplexed 
communication signals to said communication signal 
receiving section • 

[0034] 

According to the invention of claim 18, in the 
multiplexing/demultiplexing apparatus of claim 17, the 
communication signal is one of an Ethernet frame packet 
and an IEEE 802.3 frame packet, and the identification 
address supplied from said first address extracting 
means to said multiplex means is a MAC address. 

[0035] 

According to the invention of claim 19, in the 
multiplexing/demultiplexing apparatus of claim 17, the 
communication signal is a PPP packet in an Ethernet 
frame packet or an IEEE 802.3 frame packet, and the 
identification address supplied from said first address 
extracting means to said multiplex means is a MAC 
address . 

[0036] 

According to the invention of claim 20, a 
multiplexing/demultiplexing apparatus including first 
receiving means provided for each subscriber apparatus 
and connected to a first communication path through 
which a packet output from said subscriber apparatus is 
transmitted, first transmitting means for transmitting a 
multiplexed signal to a first multiplex communication 
path, second receiving means connected to a second 
multiplex communication path through which a POS signal 
obtained by multiplexing packets addressed to said 
respective subscriber apparatuses is transmitted, and 
second transmitting means for transmitting each 
demultiplexed packet to a corresponding second 
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communication path, comprising first address extracting 
means, connected to said first receiving means, for 
extracting a MAC address of each of the packets which is 
added to a packet received by said first receiving means, 
multiplexing means for multiplexing the packets received 
by said respective first receiving means on the basis of 
the MAC addresses of the respective packets which are 
extracted by said first address extracting means, and 
outputting the packet, second address extracting means, 
connected to said second receiving means , for extracting 
IP addresses of the respective packets from the packets 
in the POS signal received through said second receiving 
means, and demultiplexing means for demultiplexing each 
packet in the POS signal into the packets for said 
respective subscriber apparatuses on the basis of the IP 
addresses of the respective packets which are extracted 
by said second address extracting means, and outputting 
the packets to said second transmitting means. 

[0037] 

According to the invention of claim 21, in the 
multiplexing/demultiplexing apparatus of claim 20, an 
apparatus according to claim 20, wherein the packet is 
one of an Ethernet frame packet and an IEEE 802.3 frame 
packet . 

[0038] 

According to the invention of claim 22, in the 
multiplexing/demultiplexing apparatus of claim 20, an 
apparatus according to claim 20, wherein the packet is 
one of a PPP packet in an Ethernet frame packet and a 
PPP packet in an IEEE 802.3 frame packet. 

[0039] 

According to the invention of claim 23, a 
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protocol termination apparatus including a first 

interface block which converts a data packet into a POS 

signal and transmits the signal to a backbone network, a 

second interface block which is connected to a 

• * 

subscriber multiplexing/demultiplexing apparatus to 
which a subscriber apparatus is connected, and receives 
a transmitted multiplexed signal obtained by causing 
said subscriber multiplexing/demultiplexing apparatus to 
multiplexed signals which serve to transmit packets 
created for the respective subscriber apparatuses and 
are received from the subscriber apparatuses, and a 
third interface block connected to said subscriber 
multiplexing/demultiplexing apparatus , comprising said 
second interface block which extracts the packet and the 
MAC address added to the packet or an IP address of the 
packet from the multiplexed signal, PPP processing means 
which is connected to said subscriber 

multiplexing/demultiplexing apparatus through said third 
interface block and performs PPP processing between the 
subscriber apparatuses through said subscriber 
multiplexing/demultiplexing apparatus, and switching 
means for, when a packet extracted by said second 
interface block is a data packet, transferring the data 
packet to said first interface block on the basis of the 
MAC address or the IP address of the packet which is 
extracted by said second interface block, and when a 
packet extracted by said second interface block is a 
control packet, transferring the control packet to said 
PPP processing means on the basis of one of the MAC 
address and the IP address of the packet which are 
extracted by said second interface block. 

[0040] 



- 32 - 



According to the invention of claim 24, in the 
protocol termination apparatus of claim 23 , the packet 
is one of an Ethernet frame packet and an IEEE 802.3 
frame packet. 

[0041] 

According to the invention of claim 25, in the 
protocol termination apparatus of claim 23, the packet 
is one of a PPP packet in an Ethernet frame packet and a 
PPP packet in an IEEE 802.3 frame packet. 

[0042] 

According to the invention of claim 26, a 
protocol termination apparatus including a first 
interface block which converts a packet into a POS 
signal and transmits the signal to a backbone network, a 
second interface block which is connected, through an 
interface, to a subscriber multiplexing/demultiplexing 
apparatus to which a subscriber apparatus is connected, 
and receives a transmitted multiplexed signal obtained 
by causing said subscriber multiplexing/demultiplexing 
apparatus, which has received signals, from the 
respective subscriber apparatuses , which are used to 
transmit packets created by the respective subscriber 
apparatuses, to multiplex the packets, and a third 
interface block connected to said subscriber 
multiplexing/demultiplexing apparatus, said interface 
being a interface which transmits a POS signal, 
comprising said second interface block which extracts a 
packet in the POS signal and an IP address of the packet, 
PPP processing means, connected to said subscriber 
multiplexing/demultiplexing apparatus through said third 
interface block, for transmitting a control packet 
through said third interface block to perform first PPP 
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processing as PPP processing between the subscriber 
apparatuses through said subscriber 

multiplexing/demultiplexing apparatus, and transmitting 
the control packet through said third interface block to 
perform second PPP processing as PPP processing with 
said subscriber multiplexing/demultiplexing apparatus, 
and switching means for, when a packet extracted by said 
second interface block is a data packet, transferring 
the data packet to said first interface block on the 
basis of the IP address extracted by said second 
interface block, and when a packet extracted by said 
second interface block is a control packet, transferring 
the control packet to said PPP processing means on the 
basis of the IP address extracted by said second 
interface block. 

[0043] 

According to the invention of claim 27, in the 
protocol termination apparatus of claim 26, the packet 
is a PPP packet in a PPP packet in PPP packet in an 
SDH/SONET frame transmitted over an POS signal. 

[0044] 

[Mode of Carrying Out the Invention] 
The present invention will be described in 
detail below with reference to the accompanying drawings . 
O First Embodiment 

Fig. 1 is a block diagram showing the 
electrical arrangement of an access network system 
according to the first embodiment of the present 
invention; Fig. 2 is a block diagram showing the flow of 
a PPP control packet in the detailed arrangement of the 
access network system; Fig. 3 is a block diagram showing 
the flow of a PPP data packet in the detailed 
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arrangement of the access network system; Fig. 4 is a 
block diagram showing an example of how MAC addresses 
are assigned to the subscriber apparatus, subscriber 
multiplexing/demultiplexing apparatus, and access 
gateway shown in Figs, 2 and 3; Fig. 5 is a view showing 
a protocol stack; Fig. 6 is a block diagram 
schematically showing the functions of the ADSL/VDSL 
interface block, multiplexing clock, and Ethernet /IEEE 
802.3 interface block shown in Fig. 2; Fig. 7 is a view 
showing the process of upward multiplexing in the 
subscriber multiplexing/demultiplexing apparatus; Fig. 8 
is a block diagram schematically showing the functions 
of the Ethernet/IEEE 802.3 interface block, 
demultiplexing block, and ADSL/VDSL interface block 
shown in Fig. 2; Fig. 9 is a view showing the process of 
downward multiplexing in the subscriber 
multiplexing/demultiplexing apparatus; Fig. 10 is a 
schematic view showing how queue write and queue read in 
the upward direction are performed in the packet switch 
module shown in Figs. 2 and 3; Fig. 11 is a schematic 
view showing how queue write and queue read in the 
downward direction are performed in the packet switch 
module shown in Figs. 2 and 3; Figs. 12A and 12B are 
views respectively showing the format of a PPP packet 
and the format of an Ethernet /IEEE 802.3 frame; Fig. 13 
is a view showing the difference between the format of 
an Ethernet frame and the format of an IEEE 802.3 frame; 
Fig. 14 is a view showing the format of an IP packet; 

[0045] 

An access network system 10 according to this 
embodiment is a system for performing PPP processing by 
using the MAC layer and roughly comprised of a 
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subscriber apparatus (ATUU-R) 2nm, subscriber 
multiplexing/demultiplexing apparatus (DSLAM) 4n, and an 
access gateway (AG) 61, as shown in Fig. 1. A personal 
computer lnml is connected to the subscriber apparatus 
2nm of this system and designed as a whole such that 
Internet communication can be performed by connecting a 
backbone network 81 to the access gateway 61 through a 
POS OC-12C interface 71. POS of the POS OC-12C 
interface 71 is an abbreviation for packet over 
SDH/ SONET (Synchronous Digital Dier achy /Synchronous 
Optical Network) , and OC-12 stands for a communication 
speed, which is 620 Mb/s. 

[0046] 

Note that n of reference numeral 4n of the 
DSLAM 4n indicates that a predetermined number of 
subscriber multiplexing/demultiplexing apparatuses, i.e., 
1 to N subscriber multiplexing/demultiplexing 
apparatuses, are connected to the access gateway 61. 

In addition, m of reference numeral 2nm of the 
subscriber apparatus 2nm indicates that a predetermined 
number of subscriber apparatuses , i.e., 1 to M 
subscriber apparatuses, which is equal to or different 
from n, are connected to the subscriber 

multiplexing/demultiplexing apparatuses 4n , respectively . 

Furthermore, 1 of reference numeral lnml of 
the personal computer lnml indicates that a 
predetermined number of personal computers, i.e., 1 to 1 
personal computers, which is equal to or different from 
m, are connected to the subscriber apparatuses 2nm, 
respectively. Fig. 14 shows the format of an IP packet. 
The abbreviations in Fig. 14 are known notations. 

[0047] 
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The personal computer lnml is an Internet 
terminal apparatus, which designed to output an IP 
(Internet Protocol) packet to the subscriber apparatus 
ATU (Address Transformation Unit)-R 2nm. 

The subscriber apparatus 2nm adds a PPP 
( Point- to-Point Protocol) header (PPP of ATUU-R in 
Fig. 5) to the IP packet transmitted from the personal 
computer lnml, and then adds the frame header of an 
Ethernet/IEEE 802.3 frame (MAC of ATUU-R in Fig. 5) to 
form an Ethernet/ IEEE 802.3 frame packet. In this case, 
the Ethernet/IEEE 802.3 frame is a frame on which the 
PPP packet formed by adding a PPP header to an IP packet 
is set. This frame may be an Ethernet frame or IEEE 
802.3 frame. Fig. 13 shows the formats of an Ethernet 
frame and IEEE 802.3 frame. The abbreviations in 
Fig. 13 are known notations. 

[0048] 

The subscriber apparatus 2nm performs analog 
modulation of a signal on which an Ethernet/IEEE 802.3 
frame packet having the frame header of an Ethernet /IEEE 
802.3 frame added thereto is carried. With this 
operation, the signal is converted into a 100-Kb/s 
ADSL/VDSL signal and output. In this case, the 
ADSL/VDSL signal has a signal form used for the 
transmission of an Ethernet/IEEE 802.3 frame packet. 
This indicates that either an ADSL signal or a VDSL 
signal may be used. 

The above frame header contains a MAC address. 
This MAC address includes a source identification 
address (SRC MAC Address) (the identification address of 
a predetermined identification section through which a 
communication signal passes in the multiplex system) at 
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which a signal is output from the subscriber apparatus 
2nm, and a predetermined destination identification 
address (DSC MAC Address) (the identification address of 
a signal identification section through which a 
communication signal passes in the multiplex system) at 
which a signal is input the subscriber 

multiplexing/demultiplexing apparatuses 4n. As a source 
identification address and destination identification 
address, the addresses of apparatuses from/to which 
signals are output/input or the addresses of the ports 
of apparatuses from/to which signals are output/input 
are used. These apparatuses or ports themselves 
correspond to the above signal identification section. 

[0049] 

An example of how a MAC address is added will 
be described below with reference to Fig. 4. 

As shown in Fig. 4, as the MAC address (DST 
MAC Address/SRC MAC Address) to be added to the 
Ethernet/IEEE 802.3 frame output from the subscriber 
apparatus 2nm to the subscriber 

multiplexing/demultiplexing apparatus 4n, 2011/1021 is 
used. 2011 is a destination identification address for 
identifying the input port of the subscriber 
multiplexing/demultiplexing apparatus 4n, and 1021 is a 
source identification address for identifying the 
subscriber apparatus 2nm. 

Since each port (ADSL/ VDSL interface 3nmU) 
directed from the subscriber multiplexing/demultiplexing 
apparatus 4n to a corresponding one of subscriber 
apparatuses 2nm is connected to the subscriber apparatus 
2nm in a one-to-one correspondence with each other, 
either 2011 or 1021 may be used as a MAC address. Since 
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a subscriber is specified in the subscriber 
multiplexing/demultiplexing apparatus 4n, either of 
these addresses can be selectively used as a MAC address 
in the subscriber multiplexing/demultiplexing apparatus 
4n. 

[0050] 

The subscriber multiplexing/demultiplexing 
apparatuses 4n is comprised of an ADSL/VDSL interface 
block 4nl, multiplexing block 4n2, Ethernet/IEEE 802.3 
interface block 4n3, Ethernet/IEEE 802.3 interface block 
4n4, demultiplexing block 4n5, and ADSL/VDSL interface 
4n6. In this case, the "ADSL/VDSL interface block" 
indicates that either an ADSL interface block or an VDSL 
interface block is used depending on whether an ADSL 
interface or a VDSL interface is used as an interface 
between the subscriber apparatus 2nm and the subscriber 
multiplexing/demultiplexing apparatuses 4n. In this 
case, the "Ethernet/IEEE 802.3 interface block" 
indicates that either an Ethernet interface block or an 
IEEE 802.3 interface block is used depending on whether 
an Ethernet interface or an IEEE 802.3 interface is used 
as an interface between the subscriber 
multiplexing/demultiplexing apparatuses 4n and the 
access gateway 61. 

[0051] 

The access gateway 61 is comprised of an 
Ethernet/IEEE 802.3 interface block 6nU, packet switch 
module 611, POS OC-12C interface block 612, POS 0C-12C 
interface block 613, CPU board 614A, and Ethernet/IEEE 
802.3 interface block 6nD. In this case, the 
"Ethernet /IEEE 802.3 interface block" indicates that 
either an Ethernet interface block or an IEEE 802.3 
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interface block is used depending on whether an Ethernet 
interface or an IEEE 802.3 interface is used as an 
interface between the subscriber 

multiplexing/demultiplexing apparatuses 4n and the 
access gateway 61. 

[0052] 

The constituent elements of the subscriber 
multiplexing/demultiplexing apparatuses 4n will be 
described in detail first. 

The ADSL/VDSL interface block 4nl is provided 
for each subscriber and executes an interface function 
with respect to an ADSL/VDSL signal input from the 
subscriber apparatus 2nm for a corresponding subscriber. 
That is, the ADSL/VDSL interface block 4nl extracts an 
Ethernet/IEEE 802.3 frame packet and the MAC address 
added to the packet from a received ADSL/VDSL signal, 
and transfers the extracted Ethernet/IEEE 802.3 frame 
packet and MAC address to the multiplexing block 4n2 . 

[0053] 

The multiplexing block 4n2 multiplexes the 
Ethernet/IEEE 802.3 frame packets input from the 
respective ADSL/VDSL interface blocks 4nl by using a 
plurality of FIFOs. This multiplexing is performed on 
the basis of input MAC addresses. 

The Ethernet/IEEE 802.3 interface block 4n3 
executes an interface function between the subscriber 
multiplexing/demultiplexing apparatuses 4n and the 
access gateway 61. That is, the Ethernet/IEEE 802.3 
interface block 4n3 converts a multiplexed Ethernet/IEEE 
802.3 frame packet into an Ethernet/IEEE 802.3 signal 
and outputs it onto an Ethernet/IEEE 802.3 interface 
block 5nU. 



- 40 - 



[0054] 

The Ethernet/IEEE 802.3 interface block 4n4 
executes an interface function between the access 
gateway 61 and the subscriber 

multiplexing/demultiplexing * apparatuses 4n . That is , 
the Ethernet/IEEE 802.3 interface block 4n4 receives the 
Ethernet/IEEE 802.3 signal output from the Ethernet/IEEE 
802.3 interface block 6nD of the access gateway 61, 
extracts an Ethernet/IEEE 802.3 frame packet and MAC 
address, and transfers the extracted Ethernet/IEEE 802.3 
frame packet and MAC address to the demultiplexing block 
4n5. 

The demultiplexing block 4n5 demultiplexes the 
Ethernet/IEEE 802.3 frame packet transferred from the 
Ethernet/IEEE 802.3 interface block 4n4 by using a 
plurality of FIFOs. This demultiplexing is performed on 
the basis of an input MAC address. 

The ADSL/VDSL interface 4n6 is provided for 
each subscriber apparatus 2nm and executes an interface 
function with respect to each Ethernet/IEEE 802.3 frame 
packet demultiplexed by the demultiplexing block 4n5 for 
a corresponding subscriber. That is, the ADSL/VDSL 
interface 4n6 converts each demultiplexed Ethernet /IEEE 
802.3 frame packet into an ADSL/VDSL signal and 
transfers it to a corresponding subscriber apparatus. 

[0055] 

The respective constituent elements of the 
access gateway 61 will be described in detail next. 

The Ethernet/IEEE 802.3 interface block 6nU 
executes an interface function with respect to the 
Ethernet /IEEE 802.3 signal (the signal carrying an 
Ethernet/IEEE 802.3 frame packet) input from the 
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subscriber multiplexing/demultiplexing apparatuses 4n 
through the Ethernet/IEEE 802.3 interface block 5nU. 
That is, the Ethernet/IEEE 802,3 interface block 6nU 
receives an Ethernet /IEEE 802.3 signal, extracts an 
Ethernet/IEEE 802.3 frame packet and an MAC address 
contained in the packet, and transfers the extracted 
Ethernet/IEEE 802.3 frame packet and the MAC address in 
the packet to the packet switch module 611. 

[0056] 

The Ethernet/IEEE 802.3 interface block 6nU 
refers to the value indicated by the protocol field of a 
PPP packet in an extracted Ethernet /IEEE 802.3 frame 
packet and perform the first discrimination, i.e., 
discriminating the PPP packet extracted from the 
Ethernet/IEEE 802.3 signal as a PPP data packet if the 
value is "0021", and the second discrimination, i.e., 
discriminating the PPP packet extracted from the 
Ethernet/IEEE 802.3 signal as a PPP control packet if 
the value is "8021" or "c021". The Ethernet/IEEE 802.3 
interface block 6nU then supplies the discrimination 
result to the packet switch module 611. 

[0057] 

The packet switch module 611 performs 
switching with respect to Ethernet/IEEE 802.3 frame 
packets on the basis of the MAC addresses and 
discrimination results transferred from the 
Ethernet/IEEE 802.3 interface block 6nU, and also 
performs switching with respect to PPP packets on the 
basis of the IP addresses transferred from the POS 
OC-12C interface block 613. 

[0058] 

The POS OC-12C interface block 612 executes an 
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interface function between the access gateway 61 and the 
backbone network 81. If the PPP packet in the 
Ethernet/IEEE 802.3 frame packet input to the packet 
switch module 611 is a PPP data packet, i.e., the 
discrimination result is the first discrimination, the 
PPP packet (Fig. 17A) is output through the POS OC-12C 
interface block 612. In this case, the PPP packet is 
subjected PPP termination processing, and the PPP packet 
having undergone the PPP termination processing is 
converted into a PPP packet in PPP packet (Fig. 17B 
shows its frame) . The PPP packet in PPP packet is 
electrooptically converted into a POS signal (POS OC-12c 
signal) in the SDH/SONET frame form shown in Fig. 18. 
This signal is then transmitted to the backbone network 
81 through the POS OC-12C interface 71. 

[0059] 

The POS OC-12C interface block 613 executes an 
interface function with respect to the POS signal 
received from the backbone network 81 through the POS 
OC-12C interface 71. That is, the POS OC-12C interface 
block 613 performs PPP termination processing (PPP 
termination processing between the backbone network 81 
and the access gateway 61) with respect to a POS signal, 
i.e., extracts a PPP packet from the POS signal and adds 
a protocol field to the PPP packet (sets the value of 
the protocol field to 0021) to form a PPP packet. With 
this PPP termination processing, the POS signal is 
formed into a PPP packet and transferred to the packet 
switch module 611. 

[0060] 

The CPU board 614A performs transfer 
processing for the PPP control packet shown in Figs. 22 
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and 23 under program control on the basis of the second 
discrimination, and transfers the PPP control packet for 
necessary PPP processing between the CPU board 614A of 
the access gateway 61 and the subscriber apparatus 2nm. 

[0061] 

The Ethernet/IEEE 802.3 interface block 6nD 
receives the Ethernet/IEEE 802.3 frame packet or PPP 
packet switched by the packet switch module 611, and 
adds the frame header (containing a MAC address) of the 
Ethernet/IEEE 802.3 frame. The Ethernet/IEEE 802.3 
interface block 6nD then converts the Ethernet/ IEEE 
802.3 frame packet into an Ethernet/IEEE 802.3 signal, 
and outputs it onto an Ethernet/IEEE 802.3 interface 5nD. 

The MAC address to be added includes a source 
identification address (SRC MAC Address) (the 
identification address of an identification section 
through which a communication signal passes in the 
multiplex system) at which a signal is output from the 
access gateway 61, and a destination identification 
address (DSC MAC Address) (the identification address of 
a signal identification section through which a 
communication signal passes in the multiplex system) at 
which a signal is input to the subscriber 

multiplexing/demultiplexing apparatuses 4n. As a source 
identification address and destination identification 
address, the addresses of apparatuses from/to which 
signals are output /input or the addresses of the ports 
of apparatuses from/to which signals are output/input 
are used. 

[0062] 

An example of how a MAC address is added in 
the Ethernet/IEEE 802.3 interface block 6nD will be 
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describe below with reference to Fig. 4. 

As shown in Fig. 4, as the MAC address (DST 
MAC Address/SRC MAC Address) to be added to the 
Ethernet/IEEE 802.3 frame output from the access gateway 
61 to the subscriber multiplexing/demultiplexing 
apparatuses 4n, 2011/3011 is added. 2011 is the address 
of an output port directed from the subscriber 
multiplexing/demultiplexing apparatuses 4n to the 
subscriber apparatus 2nm # and 3011 is the address of the 
output port of the access gateway 61 directed from the 
access gateway 61 to the subscriber 
multiplexing/demultiplexing apparatuses 4n as a 
destination. 

[0063] 

The operation of this embodiment will be 
described next with reference to Figs. 1 to 14. 

Transmission of an IP packet from the 
subscriber (personal computer lnml) side to the backbone 
network 81 side will be described first. 

When the personal computer lnml tries to 
access the Internet, the computer transmits an IP packet 
to the subscriber apparatus 2nm. 

Upon reception of this IP packet, the 
subscriber apparatus 2nm adds a PPP header to the 
received IP packet (IP and PPP of ATUU-R in Fig. 5), and 
then adds the frame header of an Ethernet/IEEE 802.3 
frame (Fig. 12) (MAC of ATUU-R in Fig. 5). The 
subscriber apparatus 2nm performs analog modulation with 
respect to the Ethernet/IEEE 802.3 frame packet to which 
the frame header of the Ethernet/IEEE 802.3 frame is 
added to convert it into a 100-kb/s ADSL/VDSL signal, 
and transmits it to the subscriber 
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multiplexing/demultiplexing apparatuses 4n. 

[0064] 

The ADSL/VDSL signal transmitted from the 
subscriber apparatus 2nm through the ADSL/VDSL interface 
3nmU is received by the corresponding ADSL /VDSL 
interface block 4nl of the subscriber 
multiplexing/demultiplexing apparatuses 4n. The 
ADSL/VDSL interface block 4nl extracts an Ethernet/IEEE 
802,3 frame packet and an MAC address in the packet from 
the ADSL/VDSL signal. The extracted Ethernet/IEEE 802.3 
frame packet is written in a corresponding FIFO of the 
FIFOs equal in number to subscriber lines (the number of 
ADSL/VDSL interfaces 3nmU) (M) constituting the 
multiplexing block 4n2 on the basis of the extracted MAC 
(the MAC of the DSLAM in Fig. 5). 

[0065] 

The Ethernet/IEEE 802.3 frame packet 
transmitted over an ADSL/VDSL signal on each ADSL/VDSL 
interface 3nmU is written in a FIFO of the M FIFOs of 
the multiplexing block 4n2 which corresponds to the 
input Ethernet/IEEE 802.3 frame packet upon referring to 
the byte count of the IP packet indicated by the byte 
count field (length field) (the field located between 
the third and fourth bytes of the IP packet) in the PPP 
packet contained in the packet . 

Packets are multiplexed by writing 
Ethernet /IEEE 802.3 frame packets in the M FIFOs and 
reading out Ethernet/IEEE 802.3 frame packets from the 
first FIFO to the Nth FIFO of the M FIFOs in the order 
named. 

[0066] 

An example of multiplexing will be described 
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below. 

For example, as shown in Fig. 4, the 
Ethernet/IEEE 802.3 frame packet (2nm in Figs. 6 and 7) 
in the ADSL/VDSL signal transmitted from the subscriber 
apparatus 2nm through the ADSL/VDSL interface 3nmU 
having a throughput of about several 100 kb/s has 1021 
as the source identification address of a MAC address, 
and 2011 as a destination identification address (1021 
is the address of the subscriber apparatus 2nm, and 2011 
is the address of the corresponding input port of the 
subscriber multiplexing/demultiplexing apparatuses 4n) . 
This Ethernet/IEEE 802.3 frame packet is designated by a 
source identification address and input to a FIFO 4n2m 
(Fig. 7) storing a packet queue to be written therein. 

[0067] 

Write operation similar to this write 
operation is also performed for the respective 
Ethernet/IEEE 802.3 frame packets input from other 
subscriber apparatuses 2nl, 2n2,..., 2n(m-l), 2n(m+l), 
2n(m+2),..., 2nM. The FIFOs used for the respective 
Ethernet/IEEE 802.3 frame packets are a FIFO 4n21, FIFO 
4n22,..., FIFO 4n2(m-l), FIFO 4n2(m+l), FIFO 4n2(m+2), 
and FIFO 4n2M. 

After this write operation, read operation is 
performed with respect to the FIFO 4n21, FIFO 4n22,..., 
FIFO 4n2M in the order named. 

[0068] 

With the above write and read operations, 
Ethernet/IEEE 802.3 frame packets are multiplexed. In 
this case, the Ethernet/IEEE 802.3 frame packet to which 
the address of the corresponding input port of the 
subscriber multiplexing/demultiplexing apparatuses 4n or 
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the address of the subscriber apparatus 2nm is added as 
a MAC address for identifying the subscriber is read out 
from the subscriber multiplexing/demultiplexing 
apparatuses 4n at a throughput of 10 Mb/s and 
multiplexed. The multiplexed Ethernet/IEEE 802.3 signal 
is then transmitted from the Ethernet/IEEE 802.3 
interface block 4n3 to the access gateway 61 through the 
Ethernet/IEEE 802.3 interface block 5nU. 

[0069] 

At the access gateway 61, the Ethernet/IEEE 
802.3 frame packet and its MAC address which are 
transmitted over an Ethernet/IEEE 802.3 signal in the 
Ethernet/IEEE 802.3 frame form are extracted. In 
addition, the Ethernet/IEEE 802.3 interface block 6nU 
discriminates a PPP packet in the packet is a PPP 
control packet or a PPP data packet . 

This discrimination is performed on the basis 
of the value of a protocol field (Fig. 21) of the input 
PPP packet . 

[0070] 

If the input PPP packet is a PPP control 
packet, i.e., the value of the protocol field of the 
input PPP packet is c021 or 8021, the Ethernet/IEEE 
802.3 frame packet is stored as one of queues 6111 to 
611M (Fig. 10) in a memory (not shown) in the packet 
switch module 611 for each subscriber apparatus on the 
basis of the MAC address. Thereafter, the PPP control 
packet of the Ethernet/IEEE 802.3 frame is transferred 
to the CPU board 614A. That is, the packet is switched 
by the packet switch module 611 (MAC of AG in Fig. 15), 
and a CPU board 614 transfers a PPP control packet for 
PPP processing required between the CPU board 614 and 
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the subscriber apparatus 2nm, as shown in Fig. 2, 
thereby performing the processing shown in Figs, 22 and 
23. This processing itself is known link establishment 
processing. 

[0071] * 

This operation will be briefly described below. 

When a PPP control packet is transferred 
between the CPU board 614 and the subscriber apparatus 
2nm, the control information of the PPP control packet 
is exchanged between them. With this operation, a 
series of operations, e.g., authentication, accounting, 
band allocation, and minimum delay processing (assurance 
of Qos), is complete at the access gateway 61. 

At the access gateway 61, in performing PPP 
processing for each subscriber, as a PPP control packet 
to the transferred, an LCP packet is transferred first, 
and then an NCP packet is transferred (Fig. 23). With 
this operation, PPP processing is performed. 

[0072] 

When a link is established between the 
personal computer lnml and the access gateway 61 in this 
manner, IP data is output from the personal computer 
lnml. The output IP data is formed into an 
Ethernet/IEEE 802.3 frame packet and transmitted to the 
access gateway 61 through the subscriber apparatus 2nm 
and subscriber multiplexing/demultiplexing apparatuses 
4n in the above manner. 

Whether the PPP packet in this Ethernet/ IEEE 
802.3 frame packet is a PPP data packet or not is 
determined depending on whether the value of the 
protocol field of the input PPP packet indicates 0021 or 
not (Fig. 21). In this case as well, the PPP data 



- 49 - 



packet is stored as one of the queues 6111 to 611M 
(Fig. 10) in the memory (not shown) in the packet switch 
module 611 on the basis of the MAC address. Thereafter, 
the PPP header added by the subscriber apparatus 2nm for 
PPP processing required" between the subscriber apparatus 
2nm, which has transmitted the PPP data packet, and the 
access gateway 61 is removed from each PPP data packet 
by the POS OC-12C interface block 612. A new PPP header 
for POS is added to the PPP packet from which the PPP 
head has been removed. 

The frame (Fig. 17B) to which the new PPP 
header is added is transmitted over a 620 -Mb/ s POS 
signal (Fig. 18) (POS OC-12c signal) in the SDH/SONET 
frame form from the POS OC-12C interface block 612 to 
the backbone network 81 through the POS OC-12C interface 
71. 

[0073] 

Transmission of an IP packet from the backbone 
network 81 side to the subscriber (personal computer 
lnml) side will be described next. 

In transferring an IP packet downward from the 
backbone network 81, a 620-Mb/s POS signal (Fig. 18) in 
the SDH/SONET frame form, which carries a packet 
(Fig. 17B) of a PPP packet in PPP packet frame 
containing the PPP packet obtained by performing PPP 
header addition processing (PPP Encapsulation) (mapping) 
with respect to the IP packet in the backbone network 81, 
is transmitted to the access gateway 61 through the POS 
0C-12C interface 71. 

[0074] 

In the POS OC-12C interface block 613 which 
receives the packet of the PPP packet in PPP packet 
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frame carried on the POS signal, PPP processing between 
the backbone network and the AG is performed. In the 
PPP processing between the backbone network and the AG, 
for example, a maximum packet length: MTU (Maximum 
Transfer Unit) size of packets to be exchanged between 
the backbone network and the AG is determined. In the 
PPP processing, the PPP header of the PPP packet in the 
packet of the PPP packet in PPP packet frame is removed. 

After the PPP processing between the backbone 
network and the AG, 0021 is added as the value of a 
protocol field for PPP processing for transfer to a 
subscriber to the PPP packet, and the PPP packet and the 
IP address of the PPP packet are output from the POS 
OC-12C interface block 613 to the packet switch module 
611. 

[0075] 

Any PPP packet transferred to the packet 
switch module 611 is written in the form of a queue in 
the memory on a subscriber basis on the basis of the IP 
address (Fig. 11). The written queues 6111 to 611M are 
respectively assigned priorities. For example, 
referring to Fig. 11, the highest priority is assigned 
to the queue 611m to be sent to the subscriber apparatus 
2nm, and lower priorities are assigned to the remaining 
queues 6111, 6112,..., 611n(m-l), 611(m+l), 611 (m+2 ) , . . . , 
611M. 

The queue 611m to which the highest priority 
is assigned, therefore, is performed preferentially as 
compared with the PPP packets in the remaining queues. 
For this reason, a delay of the PPP packet written in 
the queue 611m is output to the Ethernet/IEEE 802.3 
interface block 6nD after a lapse of a minimum delay 
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time . 

In transmission of such a PPP packet, if a 
band to be secured is 6 Mb/s, traffic shaping (packet 
fragmentation) is performed to set the maximum band to 6 
Mb/s. 

[0076] 

In the packet switch module 611, packet 
switching of the PPP packet is performed, and the packet 
is transferred from the packet switch module 611 to the 
Ethernet/IEEE 802.3 interface block 6nD. 

The Ethernet/IEEE 802.3 interface block 6nD 
adds the MAC address of each subscriber (MAC of AG in 
Fig. 5) to the packet to convert it into an 
Ethernet/IEEE 802.3 signal in the Ethernet/IEEE 802.3 
frame form. This signal is transmitted to the 
subscriber multiplexing/demultiplexing apparatuses 4n. 

[0077] 

The Ethernet /IEEE 802.3 signal is received by 
the Ethernet/IEEE 802.3 interface block 4n4 of the 
subscriber multiplexing/demultiplexing apparatuses 4n. 
The Ethernet/IEEE 802.3 interface block 4n4 outputs an 
Ethernet/IEEE 802.3 frame packet and its MAC address 
from the Ethernet/IEEE 802.3 signal. 

[0078] 

The Ethernet/IEEE 802.3 frame packet and MAC 
address output from the Ethernet/IEEE 802.3 interface 
block 4n4 are supplied to the demultiplexing block 4n5. 
In a plurality of FIFOs of the demultiplexing block 4n5 , 
the Ethernet/IEEE 802.3 frame packet is demultiplexed on 
the basis of the MAC address (MAC of DSLAM in Fig. 5). 
For this demultiplexing, for example, the Ethernet /IEEE 
802.3 frame packet to be transmitted to the subscriber 
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apparatus 2nm is written in a corresponding FIFO 4n5m. 

Each of these FIFOs 4n51 to 4n5M has a storage 
capacity large enough to satisfy QoS in association with 
the throughput of the ADSL /VDSL interface 3nmU and the 
write and read speeds of each FIFO. Even if the packet 
length increases to exceed the storage capacity of each 
FIFO, since the packet is transmitted upon fragmentation 
by traffic shaping in the access gateway 61, no FIFO 
overflows . 

[0079] 

Each of the packets stored in the queue form 
in the FIFOs is read out from each FIFO, and the signal 
is converted into a VDSL/ADSL signal carrying the 
Ethernet/IEEE 802.3 frame packet in the ADSL/VDSL 
interface 4n6. This VDSL/ADSL signal is then 
transmitted to the subscriber apparatus 2nm. The 
subscriber apparatus 2nm reconstructs the IP packet (MAC 
of ATUU-R in Fig. 5) by removing the frame header of the 
Ethernet/IEEE 802.3 frame and the PPP header as header 
information in the received VDSL/ADSL signal. This IP 
packet is transmitted from the subscriber apparatus 2nm 
to the personal computer lnml. 

[0080] 

As described above, according to the 
arrangement of this example, the subscriber 
multiplexing/demultiplexing apparatuses 4n can multiplex 
Ethernet/IEEE 802.3 frame packets from the respective 
subscriber apparatuses 2nm on the basis of the MAC 
addresses, output the resultant signal as an 
Ethernet/IEEE 802.3 signal, and output each 
Ethernet/IEEE 802.3 frame packet in the Ethernet/IEEE 
802.3 signal. The subscriber 
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multiplexing/demultiplexing apparatuses 4n can also 
demultiplex an Ethernet/IEEE 802.3 frame packet from the 
access gateway 61 on the basis of the MAC address. 

In addition, processing in each subscriber 
apparatus 2nm, each subscriber 

multiplexing/demultiplexing apparatuses 4n, and access 
gateway 61 can be performed by using MAC addresses, and 
the AAL5 layer required in the prior art is not required. 
This makes it possible to eliminate the necessity of an 
ATM switch in the prior art and simplify the system 
arrangement . 

Under this system simplification, QoS of each 
subscriber can be ensured. 

[0081] 
O Second Embodiment 

Fig. 15 shows the electrooptical arrangement 
of an access network system according to the second 
embodiment of the present invention. Fig. 16 shows the 
detailed arrangement of the access network system. 
Fig. 17 shows the format of a PPP packet and the format 
of a PPP packet in PPP packet. Fig. 18 shows the format 
of an SDH/SONET frame. 

The arrangement of this embodiment greatly 
differs from that of the first embodiment in that the 
subscriber multiplexing/demultiplexing apparatus and 
access gateway in the first embodiment are connected to 
each other through a POS OC-3c interface, and the 
subscriber multiplexing/demultiplexing apparatus and 
access gateway are changed in accordance with this 
change in arrangement . 

[0082] 

More specifically, an access network system 
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10A is a system for performing PPP processing equivalent 
to the PPP processing performed by using the MAC layer 
in the first embodiment and is roughly comprised of a 
subscriber apparatus 2nm, subscriber 

multiplexing/demultiplexing apparatus 4nA, and access 
gateway 61A. 

The subscriber multiplexing/demultiplexing 
apparatus 4nA is connected to the access gateway 61A 
through a POS 0C-3c interface 5nAU and POS OC-3c 
interface 5nAD . 

[0083] 

The subscriber multiplexing/demultiplexing 
apparatus 4An is comprised of an ADSL/VDSL interface 
block 4nl, multiplexing block 4n2 , POS OC-3c interface 
block 4n3A # POS OC-3c interface block 4n4A, 
demultiplexing block 4n5A, and ADSL/VDSL interface block 
4n6A. "OC-Sc" of the POS OC-3c interface block 4n3A and 
POS OC-3c interface block 4n4A is a notation 
representing a communication speed, which is 155 Mb/s. 

[0084] 

The access gateway 61A includes a POS OC-3c 
interface block 6nUA, packet switch module 611A, POS 
OC-12c interface block 612, POS OC-12c interface block 
613, CPU board 614A, and POS OC-3c interface block 6nDA. 

[0085] 

The constituent elements of the subscriber 
multiplexing/demultiplexing apparatus 4An will be 
described in detail first. 

The POS OC-3c interface block 4n3A executes an 
interface function between the subscriber 

multiplexing/demultiplexing apparatus 4An and the access 
gateway 61A. More specifically, the POS OC-3c interface 
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block 4n3A converts a PPP packet in a multiplexed POS 
OC-3c frame packet into a POS signal (POS OC-3c signal) 
in the SDH/ SONET frame form containing a packet of a PPP 
packet in PPP packet frame, and outputs it onto the POS 
0C-3c interface 5nAU. 

[0086] 

The POS OC-3c interface block 4n4A executes an 
interface function between the access gateway 61A and 
the subscriber multiplexing/demultiplexing apparatus 4An. 
More specifically, the POS OC-3c interface block 4n4A 
receives the POS signal output from the POS OC-3c 
interface block 6nDA of the access gateway 61A, extracts 
a PPP packet and IP address in each PPP packet in PPP 
packet, and transfers the PPP packet in the PPP packet 
in PPP packet and the IP address in the PPP packet to 
the demultiplexing block 4n5A. 

The demultiplexing block 4n5A demultiplexes 
the PPP packet transferred from the POS OC-3c interface 
block 4n4A by using a plurality of FIFOs. This 
demultiplexing is performed on the basis of the input IP 
address . 

The ADSL/VDSL interface block 4n6A is provided 
for each subscriber apparatus 2nm, and executes an 
interface function for each PPP packet demultiplexed by 
the demultiplexing block 4n5A. More specifically, the 
ADSL/VDSL interface block 4n6A converts each 
demultiplexed PPP packet into an ADSL/VDSL signal in the 
Ethernet/IEEE 802.3 frame form, and transfers the 
ADSL/VDSL signal to a corresponding subscriber apparatus. 

[0087] 

The respective constituent elements of the 
access gateway 61A will be described next. 
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The POS OC-3c interface block 6nUA executes an 
interface function for the POS signal input from the 
subscriber multiplexing/demultiplexing apparatus 4An 
through the POS 0C-3c interface 5nAU. More specifically, 
the POS OC-3c interface* block 6nUA receives a POS signal, 
extracts a PPP packet in a PPP packet in PPP packet and 
an IP address in the PPP packet, and transfers the 
extracted PPP packet and the IP address in the PPP 
packet to the packet switch module 611A. 

[0088] 

The POS OC-3c interface block 6nUA refers to 
the value indicated by the protocol field of the 
extracted PPP packet and performs the first 
discrimination, i.e., discriminating the extracted PPP 
packet as a PPP data packet if the value is "0021", and 
the second discrimination, i.e., discriminating the 
extracted PPP packet as a PPP control packet if the 
value is "8021" or "c021 ,, . The POS OC-3c interface 
block 6nUA then supplies the discrimination result to 
the packet switch module 611A. 

[0089] 

The packet switch module 611A performs 
switching with respect to PPP packets on the basis of 
the IP addresses and discrimination results transferred 
from the POS OC-3c interface block 6nUA, and also 
performs switching with respect to PPP packets on the 
basis of the IP addresses transferred from the POS 
OC-12c interface block 613. 

[0090] 

The CPU board 614A performs transfer 
processing of a PPP control packet for the first PPP 
processing required between the CPU board 614A of the 
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access gateway 61A and the subscriber apparatus 2nm, and 
transfer processing of a PPP control packet for the 
second PPP processing required between the CPU board 
614A of the access gateway 61A and the subscriber 
multiplexing/demultiplexing apparatus 4nA under program 
control (Figs. 22 and 23). 

The contents of the first PPP processing 
described are the same as those of the PPP processing 
executed between the CPU board 614 of the access gateway 
61 and the subscriber apparatus 2nm in the first 
embodiment . 

The contents of the second PPP processing are 
the same as those of the PPP processing executed between 
the backbone network 81 and the access gateway 61 in the 
first embodiment. In this processing, for example, a 
maximum packet length: MTU (Maximum Transfer Unit) size 
of packets to be exchanged between the access gateway 
and the subscriber multiplexing/demultiplexing apparatus 
is determined. 

[0091] 

The POS OC-3c interface block 6nDA receives 
the PPP packet switched by the packet switch module 611A, 
reassembles it into a PPP packet in PPP packet, converts 
it into a POS signal in the SDH/SONET form, and outputs 
it onto the POS OC-3c interface 5nAD. 

[0092] 

The CPU board 614A of the access gateway 61A 
and the subscriber apparatus 2nm are configured as a 
whole to perform the first PPP processing. 

The CPU board 614A of the access gateway 61A 
and the subscriber multiplexing/demultiplexing apparatus 
4nA are configured as a whole to perform the second PPP 
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processing* 

The arrangements of the respective sections in 
the second embodiment are the same as those in first 
embodiment except for these arrangements . For this 
reason, the same reference numerals as in the first 
embodiment denote the same parts in the second 
embodiment, and a description thereof will be omitted. 

[0093] 

The operation of this embodiment will be 
described next with reference to Figs. 15 to 18. 

The operation of this embodiment is the same 
as that of the first embodiment except for the following 
point. 

The PPP packet in each Ethernet/IEEE 802.3 
frame packet multiplexed by the multiplexing block 4n2 
of the subscriber multiplexing/demultiplexing apparatus 
4nA is formed into a PPP packet in PPP packet (Fig. 17B) 
in the POS OC-3c interface block 4n3A. This packet is 
then converted into a POS signal (POS OC-3c signal) in 
the SDH/SONET frame form and transmitted onto the POS 
OC-3c interface 5nAU. 

[0094] 

Upon reception of the POS signal through the 
POS OC-3c interface 5nAU, the POS OC-3c interface block 
6nUA extracts a PPP packet and IP address from the PPP 
packet in PPP packet . 

The POS OC-3c interface block 6nUA also checks 
the contents of a protocol field in the extracted PPP 
packet to discriminate whether the PPP packet is a PPP 
data packet or PPP control packet. The POS OC-3c 
interface block 6nUA then transfers the PPP packet, IP 
address, and discrimination result to the packet switch 
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module 611A. 

The discrimination result includes the first 
discrimination result indicating that the PPP packet is 
a PPP data packet, and the second discrimination result 
indicating that the PPP packet is a PPP control packet. 

[0095] 

Upon reception of the PPP packet, IP address, 
and first discrimination result, the packet switch 
module 611A switches the PPP packet to the POS OC-12c 
interface block 613 in accordance with the IP address as 
in the first embodiment. The POS 0C-12c interface block 
613 then transmits the POS signal in the SDH/SONET frame 
form (Fig. 18) onto the POS OC-12C interface 71. 

[0096] 

Upon reception of the PPP packet, IP address, 
and second discrimination result, the packet switch 
module 611A switches the PPP packet to the CPU board 
614A in accordance with the IP address as in the first 
embodiment . 

[0097] 

The CPU board 614A performs transfer 
processing of a PPP control packet between the CPU board 
614A of the access gateway 61A and the subscriber 
apparatus 2nm shown in Figs. 22 and 23, and transfer 
processing of a PPP control packet between the CPU board 
614A of the access gateway 61A and the subscriber 
multiplexing/demultiplexing apparatus 4nA on the basis 
of the second discrimination under program control. The 
CPU board 614A then performs the first PPP processing 
required between the CPU board 614A of the access 
gateway 61A and the subscriber apparatus 2nm, and the 
second PPP processing required between the CPU board 
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614A of the access gateway 61A and the subscriber 
multiplexing/demultiplexing apparatus 4nA . 

[0098] 

As in the first embodiment, the POS OC-12C 
interface block 613 extracts a PPP packet in a PPP 
packet in PPP packet and an IP address in the PPP packet 
from the POS signal in the SDH/SONET form transmitted 
from the backbone network 81 through the POS OC-12C 
interface 71, and transfers them to the packet switch 
module 611A. The packet switch module 611A then 
performs switching based on the IP address and transfers 
the PPP packet to the POS OC-3c interface block 6nDA. 

[0099] 

The POS OC-3c interface block 6nDA converts 
the received PPP packet into a POS signal (POS OC-3c 
signal) in the SDH/SONET form, and transmits it onto a 
POS OC-3c interface 5nA. 

[0100] 

Upon reception of the POS signal from the POS 
OC-3c interface 5nA, the POS OC-3c interface block 4n4A 
extracts a PPP packet and an IP address in the PPP 
packet from each PPP packet in PPP packet in the POS 
signal, and transfers them to the demultiplexing block 
4n5A. 

The demultiplexing block 4n5A demultiplexes 
each received PPP packet on the basis of the received IP 
address and transfers the packet to the ADSL/VDSL 
interface block 4n6A. 

[0101] 

The ADSL/VDSL interface block 4n6A converts 
the PPP packet transferred from the demultiplexing block 
4n5A into an ADSL/VDSL signal in the Ethernet/IEEE 802.3 
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frame form, and transmits the ADSL/VDSL signal to a 
corresponding subscriber apparatus 4nm. 

[0102] 

As described above, according to the 
arrangement of this embodiment, the subscriber 
multiplexing/demultiplexing apparatuses 4n can multiplex 
Ethernet/IEEE 802.3 frame packets from the respective 
subscriber apparatuses 2nm on the basis of MAC addresses 
and transmit the resultant packet as a POS signal to the 
access gateway 61A. 

Each PPP packet in the POS signal transmitted 
from the access gateway 61A can be demultiplexed on the 
basis of the IP addresses. 

In addition, this embodiment is configured 
such that processing in each subscriber apparatus 2nm 
and multiplexing in the subscriber 
multiplexing/demultiplexing apparatus 4nA can be 
performed by using MAC addresses, and demultiplexing in 
the access gateway 61A and each subscriber 
multiplexing/demultiplexing apparatus 4nA can be 
performed by using IP addresses. This arrangement 
eliminates the necessity of the AAL5 layer which is 
required in the prior art. This makes it possible to 
eliminate the necessity of an ATM switch in the prior 
art and simplify the system arrangement . 

Under this system simplification, QoS of each 
subscriber can be ensured. 

[0103] 

The present invention has been described in 
detail above with reference to the accompanying drawings. 
However, the present invention is not limited to these 
embodiments, and the present invention incorporates a 
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change in design and the like within the scope of the 
present invention . 

For example, the subscriber 
multiplexing/demultiplexing apparatuses 4n may multiplex 
the PPP packets in Ether net/tEEE 802.3 frame packets 
instead of the packets. With this change, the 
Ethernet/IEEE 802.3 interface blocks 4nl and 4n3 need to 
be changed. 

In addition, the subscriber 
multiplexing/demultiplexing apparatuses 4n and 4nA may- 
perform multiplexing on the basis of the IP addresses of 
PPP packets. 

Furthermore, the present invention can be 
executed to convert the above packets into other 
communication signals and multiplex/demultiplex the 
communication signals . 

Multiplexing and demultiplexing in the 
subscriber multiplexing/demultiplexing apparatuses 4n 
and 4nA can be executed by systems other than the access 
network system. 

Moreover, the present invention can be 
executed even if a signal in a frame form other than the 
SDH/SONET frame form is used as a POS signal. 

[0104] 

[Effect of the Invention] 

As has been described above, according to the 
arrangement of the present invention, a plurality of 
communication signals can be multiplexed in accordance 
with identification addresses, and a multiplexed signal 
obtained by multiplexing a plurality of communication 
signals can be demultiplexed by using identification 
addresses . 
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In addition, PPP packets and the like in a 
multiplexed signal obtained by multiplexing a plurality 
of PPP packets used for transmission/reception through 
the Internet can be demultiplexed by using the IP 
addresses of the PPP pafckets. 

Furthermore, any process in a plurality of 
subscriber apparatuses, a plurality of subscriber 
multiplexing/demultiplexing apparatuses, and access 
gateway in an access network system can be performed by 
using MAC addresses or IP addresses . This eliminates 
the necessity of the AAL5 layer required in the prior 
art, and hence no ATM switch in the prior art is 
required. This makes it possible to simplify the system 
arrangement . 

This effect can also be obtained when 
processing in a plurality of subscriber apparatuses and 
multiplexing in a plurality of subscriber 
multiplexing/demultiplexing apparatuses in an access 
network system can be performed by using MAC addresses, 
and demultiplexing in an access gateway and a plurality 
of subscriber multiplexing/demultiplexing apparatuses 
can be performed by using IP addresses. 

Under this system simplification, QoS of each 
subscriber can be ensured. 
[Brief Explanation of the Drawings] 

[Fig. 1] 

Fig. 1 is a block diagram showing the 
electrical arrangement of an access network system 
according to the first embodiment of the present 
invention; 

[Fig. 2] 

Fig. 2 is a block diagram showing the flow of 
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a PPP control packet in the detailed arrangement of the 
access network system; 

[Fig. 3] 

Fig, 3 is a block diagram showing the flow of 
a PPP data packet in thS detailed arrangement of the 
access network system; 

[Fig. 4] 

Fig. 4 is a block diagram showing an example 
of how MAC addresses are assigned to the subscriber 
apparatus , subscriber multiplexing/demultiplexing 
apparatus, and access gateway shown in Figs. 2 and 3; 

[Fig. 5] 

Fig. 5 is a view showing a protocol stack; 
[Fig. 6] 

Fig. 6 is a block diagram schematically 
showing the functions of the ADSL/VDSL interface block, 
multiplexing clock, and Ethernet/IEEE 802.3 interface 
block shown in Fig. 2; 

[Fig. 7] 

Fig. 7 is a view showing the process of upward 
multiplexing in the subscriber 
multiplexing/demultiplexing apparatus ; 

[Fig. 8] 

Fig. 8 is a block diagram schematically 
showing the functions of the Ethernet/IEEE 802.3 
interface block, demultiplexing block, and ADSL/VDSL 
interface block shown in Fig. 2; 

[Fig. 9] 

Fig. 9 is a view showing the process of 
downward multiplexing in the subscriber 
multiplexing/demultiplexing apparatus ; 

[Fig. 10] 
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Fig. 10 is a schematic view showing how queue 
write and queue read in the upward direction are 
performed in the packet switch module shown in Figs . 2 
and 3; 

[Fig. 11] 

Fig. 11 is a schematic view showing how queue 
write and queue read in the downward direction are 
performed in the packet switch module shown in Figs . 2 
and 3; 

[Fig. 12] 

Fig. 12 is a view showing the format of a PPP 
packet and the format of an Ethernet/IEEE 802.3 frame; 

[Fig. 13] 

Fig. 13 is a view showing the difference 
between the format of an Ethernet frame and the format 
of an IEEE 802.3 frame; 

[Fig. 14] 

Fig. 14 is a view showing the format of an IP 

packet ; 

[Fig. 15] 

Fig. 15 is a block diagram showing the 
electrooptical arrangement of an access network system 
according to the second embodiment of the present 
invention; 

[Fig. 16] 

Fig. 16 is a block diagram showing the 
detailed arrangement of the access network system; 

[Fig. 17] 

Fig. 17 is a view showing the format of a PPP 
packet and the format of a PPP packet in PPP packet; 

[Fig. 18] 

Fig. 18 is a view showing the format of an 
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SDH/ SONET frame; 

[Fig. 19] 

Fig. 19 is a block diagram showing the 
electrical arrangement of a conventional access network 
system; 

[Fig. 20] 

Fig. 20 is a view showing a conventional 
protocol stack; 

[Fig. 21] 

Fig. 21 is a view showing the contents of 
packet data in correspondence with the values of 
protocol fields in PPP packets; 

[Fig. 22] 

Fig. 22 is a view showing PPP link processing; 

and 

[Fig. 23] 

Fig. 23 is a view showing a PPP processing 

sequence. 

[Explanation of the Reference Numerals and Signs] 
10, 10A Access network system 2nm Subscriber 

apparatus (Communication signal transmitting 
section, Communication signal receiving 
section) 

4n, 4nA Subscriber multiplexing/demultiplexing 

apparatus 

4nl Ethernet/ IEEE 802.3 interface block 

(Address extracting means. First address 
extracting means, First receiving means) 
4n2 Multiplexing block (Multiplexing means) 

4n4 Ethernet/ IEEE 802.3 interface block 

(Address extracting means. Second address 
extracting means. Second receiving means) 
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4n5, 4n5A 
4n4A 



4n3 

4n6 

4n6A 
4n3A 
5nUA 

5nU , 5nD 
5nDA 
61, 61A 



612 

6nU 

6nD 

6nUA 

6nDA 

4n3A 
5nUA 

611, 611A 
614, 614A 
613 



Multiplexing block (Multiplexing means) 
POS OC-3C interface block (Address 
extracting means. Second address extracting 
means ) 

Ethernet/IEEE 802.3 interface block (First 
transmitting means) 

Ethernet/IEEE 802.3 interface block (Second 
transmitting means) 

Ethernet/IEEE 802.3 interface block 
POS OC-3C interface block 
POS OC-3C interface (Interface) 
Ethernet/ IEEE 802.3 interface 
POS OC-3C interface 

Access gateway (Communication signal 
receiving section. Communication signal 
transmitting section. Protocol termination 
apparatus ) 

POS OC-12C interface block (First interface 
block) 

Ethernet/IEEE 802.3 interface block (Second 
interface block) 

Ethernet/IEEE 802.3 interface block (Third 
interface block) 

POS OC-3C interface block (Second interface 
block) 

POS OC-3C interface block (Third interface 
block) 

POS OC-3C interface block 

POS OC-3C interface block (Interface) 

packet switch module ( Switching means ) 

CPU board (PPP processing means) 

POS OC-12c interface block 
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[Document Name] Abstract 
[Abstract ] 

[Problem] To simplify an access network system 
[Solving Means] Multiplexing or multiple-separating of 
a subscriber multiplexing/ multiple- separating device 4n, 
to which a plurality of subscriber devices 2nm are 
connected is performed based on the MAC access in the 
packet which is housed in a received the Ethernet 
(R) /IEEE802 .3 frame signal. Switching of the packet of 
the Ethernet (R) /IEEE802 . 3 frame received at an access 
gateway 61, is performed, based on the MAC access in the 
packet. A control packet is transferred between the 
access gateway 61 and a subscriber device 4nm, for PPP 
process . 

[Selected Figure] Fig. 1 
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